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(54) AUTOMATIC POWER CONTROL CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To finely adjust the luminous 
intensity of each luminous element of a light source fitted with a 
plurality of luminous elements. 

SOLUTION: Parallel-connected variable resistors R1, R2 is 
connected in series to a monitor diode PD which detects the 
intensity of light emitted from the luminous elements LD1, LD2. 
A voltage Vr1 , Vr2 generated at the movable contact of each 
variable resistor R1, R2 is supplied to the noninversion input 
terminals of differential amplifiers OP1, OP2, and reference 
voltages Vrefl, Vref2 are applied to their inversion input 
terminals. When the luminous intensity of the luminous element 
LD1 is adjusted, a switching elements SW1 is made and a 
switching element SW2 is disconnected, and the resistance 
value of the variable resistor R1 is finely adjusted. When the 
luminous intensity of the luminous element LD2 is adjusted, the 
switching element SW1 is disconnected and the switching 
element SW2 is made, and the resistance value of the variable 
resistor R2 is finely adjusted. By performing fine adjustment like 
this, the operating current Id1, Id2 of each luminous element 
LD1, LD2 is set to a value proportional to the resistance value 
of each variable resistor R1, R2, and a desired luminous 
intensity is set. 
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CLAIMS 


[Claim(s)] 

[Claim 1] An automatic power control circuit which is equipped with the following, tunes drive current of each of 
said light emitting device finely by tuning resistance of each of said variable resistor finely, and is characterized 
by maintaining luminescence reinforcement of each light emitting device at a value corresponding to resistance 
of each variable resistor tuned finely, or said traveling contact location. Two or more variable resistors by which 
are the automatic power control circuits which control automatically luminescence reinforcement of each of said 
light emitting device of the light source equipped with two or more light emitting devices and a photo detector 
which detects a part of light which each light emitting device injects, and series connection was carried out to 
said photo detector Two or more differential amplifier which adjusts drive current of each of said light emitting 
device so that difference of said each voltage and reference voltage may become below constant value about 
each voltage produced in said each variable resistor as compared with predetermined reference voltage 
[Claim 2] Said each variable resistor is an automatic power control circuit according to claim 1 characterized by 
carrying out parallel connection. 

[Claim 3] Said each variable resistor is an automatic power control circuit according to claim 1 characterized by 
intervening and carrying out series connection of said photodetector. 

[Claim 4] It is the automatic power control circuit according to claim 2 characterized by for said photodetector 
being the photodiode by which the reverse bias was carried out, and connecting said variable resistor to a 
cathode [ of said photodiode ], or anode side. 

[Claim 5] It is the automatic power control circuit according to claim 3 characterized by for said photodetector 
being the photodiode by which the reverse bias was carried out, and carrying out series connection of said 
variable resistor to a cathode [ of said photodiode ], and anode side, respectively. 
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DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the automatic power control circuit 
which carries out the automatic regulation of the luminescence reinforcement of light emitting devices, such as 
semiconductor laser and light emitting diode. 
[0002] 

[Description of the Prior Art] Conventionally, this kind of automatic power control circuit (Automatic Power 
Control CircuitAPC) is used for the optical pickup with which CD (Compact Disc) player and the DVD (Digital 
Video Disk or Digital Versatile Disk) player were equipped. 

[0003] The above-mentioned optical pickup is equipped with the light source of the structure where the 
photodiode (henceforth monitor diode) PD as semiconductor laser LD and a photo detector was formed in one in 
in Package PKG as shown in drawing 12 , and information writing or information reading is performed by 
irradiating the light injected from semiconductor laser LD at CD or DVD. 

[0004] The automatic power control circuit is constituted by the source E of a constant voltage which 
generates the reference voltage Vref of the differential amplifier OP, a variable resistor R, and fixed voltage. 
Moreover, the voltage Vr which the variable resistor R is connected with the anode of the monitor diode PD 
between cathodes, produces in the non-inversed input terminal of the differential amplifier OP at reference 
voltage Vref, and it produces in an inversed input terminal at a variable resistor R is impressed, respectively, and 
the anode of semiconductor laser LD is connected to the output terminal of the differential amplifier OP. 
[0005] And a variable resistor R changes into voltage Vr the photocurrent Ipd produced when the monitor diode 
PD detects a part of light injected from semiconductor laser LD, and the differential amplifier OP compares the 
voltage Vr and reference voltage Vref. difference — the luminescence reinforcement of semiconductor laser LD 
is kept constant by carrying out feedback control of the direct^current bias current (henceforth drive current) 
Id of semiconductor laser LD so that voltage (Vref-Vr) may always be made below into constant value. 
[0006] Moreover, if the resistance of a variable resistor R is changed, immediately after that, voltage Vr will 
change and drive current Id will also change. And since the luminescence reinforcement of semiconductor laser 
LD changes according to change of drive current Id, Photocurrent Ipd also changes according to it and voltage 
Vr returns to the original value with a predetermined time constant. For this reason, by tuning the resistance of 
a variable resistor R finely, the luminescence reinforcement of the light injected from semiconductor laser LD 
can be adjusted now so that it may become a value suitable for the information writing or information reading to 
CD or DVD. 
[0007] 

[Problem(s) to be Solved by the Invention] By the way, the information record medium of varieties with which 
improvement in recording density etc. comes to be achieved, therefore optical properties differ physically is 
developed, and information record media, such as the above-mentioned CD and DVD, came to appear on the 
market in a commercial scene. 

[0008] For this reason, the need of offering the CD player and DVD player which can be used without 
distinguishing the information record medium with which optical properties differ and which have the so-called 
compatibility is increasing. 

[0009] The light source of the structure where the semiconductor laser LD1 and LD2 and the monitor diode PD 
which inject the light from which wavelength differs as shown in drawing 13 were formed in one in Package PKG 
is developed to such a demand, and the optical pickup which changes and uses semiconductor laser LD1 and 
LD2 came to be proposed according to the information record medium with which an optical property is 
different. 

[0010] Then, in order to regulate automatically the luminescence reinforcement of these semiconductor laser 
LD1 and LD2, the attempt which applies the automatic power control circuit shown in drawing 13 was made. 
That is, since semiconductor laser LD1 and LD2 was driven, respectively as shown in draw ing 13 , two 
differential amplifier OP1 and OP2 was formed, the photocurrent Ipd produced for the monitor diode PD was 
changed into voltage Vr with the variable resistor R, and the configuration which impresses the voltage Vr and 
referenc voltage Vref to the non-inversed input terminal and inversed input terminal of differential amplifier 
OP1 and OP2, respectively was tried. 

[001 1] And when a variable resistor R was adjusted in the condition of having made only semiconductor laser 


LD1 emitting light when adjusting the luminescence reinforcement of semiconductor laser LD1 and the 
luminescence reinforcement of semiconductor laser LD2 was adjusted, we decided to adjust a variable resistor 
R in the condition of having made only semiconductor laser LD2 emitting light. 

[0012] However, in the automatic power control circuit shown in drawing 13 , since the drive current Id1 and Id2 
supplied to semiconductor laser LD1 and LD2 would be finely tuned [ both ] with a variable resistor R, the 
technical problem that each luminescence reinforcement of semiconductor laser LD1 and LD2 could not be 
adjusted with a precision sufficient according to an individual occurred. 

[0013] This invention is made in order to conquer such a conventional technical problem, and it aims at offering 
the automatic power control circuit which can mainly adjust the luminescence reinforcement of each light 
emitting device with a precision sufficient according to an individual even when there are few photo detectors 
for monitors compared with the number of light emitting devices. 
[0014] 

[Means for Solving the Problem] An automatic power control circuit of this invention is an automatic power 
control circuit which controls automatically luminescence reinforcement of each above-mentioned light emitting 
device of the light source equipped with two or more light emitting devices and a photo detector which detects 
a part of light which each light emitting device injects. As compared with predetermined reference voltage, each 
voltage produced in two or more variable resistors by which series connection was carried out to the above- 
mentioned photo detector, and each above-mentioned variable resistor so that difference of each above- 
mentioned voltage and reference voltage may become below constant value Have two or more differential 
amplifier which adjusts drive current of each above-mentioned light emitting device, and drive current of each 
above-mentioned light emitting device is finely tuned by tuning resistance of each above-mentioned variable 
resistor finely. It is characterized by maintaining luminescence reinforcement of each light emitting device at 
resistance of each variable resistor which carried out [ above-mentioned ] fine tuning, or a value corresponding 
to a traveling contact location. 

[0015] According to this configuration, a detecting signal according to luminous intensity to which each light 
emitting device emits light occurs in a photo detector, and a voltage drop according to a detecting signal occurs 
in each variable resistor further. If resistance of each variable resistor is tuned finely, this automatic power 
control circuit can tune finely luminescence reinforcement of a light emitting device which is emitting light with 
an individually and sufficient precision, and it will operate so that luminescence reinforcement of each light 
emitting device may be maintained in the condition of having tuned finely. 
[0016] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of the automatic power control circuit of this 
invention is explained with reference to a drawing. In addition, it prepares for the optical pickup which performs 
information writing or information reading optically to information record media, such as CD and DVD, as 1 
operation gestalt, and the automatic power control circuit which makes semiconductor laser emit light is 
explained. 

(1st operation gestalt) Drawing 1 is the circuit diagram showing the configuration of the automatic power control 
circuit of the 1st operation gestalt. In this drawing, the light source OG prepared in an optical pickup (illustration 
abbreviation) has the structure where one monitor diode PD as two semiconductor laser LD1 and LD2 and 
photodetectors was formed in Package PKG at one. 

[0017] Moreover, the monitor diode PD detects a part of light injected from semiconductor laser LD1 and LD2. 
That is, the monitor diode PD detects a part of light which will be injected from semiconductor laser LD1 if 
semiconductor laser LD1 is made to emit light and semiconductor laser LD2 is made to switch off, and if 
semiconductor laser LD1 is made to switch off and semiconductor laser LD2 is made to emit light, the monitor 
diode PD will detect a part of light injected from semiconductor laser LD2. 

[0018] Moreover, both the cathode of semiconductor laser LD1 and LD2 and the cathode of the monitor diode 
PD are connected to the grand terminal GND. common connection of the cathode of semiconductor laser LD1 
and LD2 and the cathode of the monitor diode PD is made more within Package PKG at details — having — 
**** — the cathode by which common connection was made — a cathode — it connects with the grand 
terminal GND in the common condition. 

[0019] The automatic power control circuit APC of this operation gestalt is equipped with the switching devices 
SW1 and SW2 formed with two differential amplifier OP1 and OP2, the power amplifier AMP1 and AMP2 as 
buffer amplifier, and an analog switch, the sources E1 and E2 of a constant voltage which generate the 
reference voltage Vrefl and Vref2 of fixed voltage, variable resistors R1 and R2, and a switching device SW0 
and Controller CNT, and is constituted. 

[0020] Here, the differential amplifier OP1 is set as the predetermined gain G1 by resistance r10 and r1 1, and 
the differential amplifier OP2 is set as the predetermined gain G2 by resistance r20 and r21. In addition, the 
resistance of resistance r10 is large enough compared with the resistance of a variable resistor R1, and the 
large enough thing of the resistance of resistance r20 is desirable compared with the resistance of a variable 
resistor R2. That is, it is desirable to set it as the relation of r10 »R1 and r20 »R2. 

[0021] Moreover, differential amplifier OP1 and OP2 is driven with the supply voltage Vcc of plus to the grand 
terminal GND. 

[0022] Moreover, the output terminal of the differential amplifier OP1 is connected to the anode of 
semiconductor laser LD1 through a switching device SW1 and power amplifier AMP 1, and the output terminal of 
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the differential amplifier 0P2 is connected to the anode of semiconductor laser LD2 through a switching device , 
SW2 and power amplifier AMP 2. 

[0023] Moreover, it connects with the anode of the monitor diode PD through resistance r10 and r20 at the 
non-inversed input terminal of differential amplifier OP1 and OP2, respectively, and the source E2 of a constant 
voltage is connected to the inversed input terminal of the source E1 of a constant voltage, and the differential 
amplifier OP2 at the inversed input terminal of the differential amplifier OP1. 

[0024] Here, each reference voltage Vrefl and Vref2 of the sources E1 and E2 of a constant voltage is set as 
low voltage, and serves as relation of 0<Vref 1 <Vcc and 0<Vref2<Vcc from supply voltage Vcc. 
[0025] Common connection of the end is made at the anode of the monitor diode PD, and, as for both the 
variable resistors R1 and R2, it is connected to the change contacts a and b of a switching device SW0, as for 
each other end. And the common contact c of a switching device SW0 is connected to the grand terminal GND. 
If parallel connection of the variable resistor R1 will be carried out to the monitor diode PD if change connection 
of the switching device SW0 is made at the change contact a side, and change connection of the switching 
device SW0 is made by this at the change contact b side, parallel connection of the variable resistor R2 will be 
carried out to the monitor diode PD. 

[0026] In addition, as shown in drawing 2 , a switching device SW0 is equipped with analog switches SWa and 
SWb and Inverter INV, and is constituted, and change connection of the variable resistors R1 and R2 to the 
monitor diode PD is made by carrying out ON/OFF control of the analog switches SWa and SWb exclusively with 
the change signal SCH. 

[0027] That is, if the change signal SCH of logic "L" is supplied, an analog switch SWa will be in switch-on, an 
analog switch SWb will be in non-switch-on, and a variable resistor R1 will connect with juxtaposition to the 
monitor diode PD. If the change signal SCH of logic"H" is supplied, an analog switch SWa will be in non-switch- 
on, an analog switch SWb will be in switch-on, and a variable resistor R2 will connect with juxtaposition to the 
monitor diode PD. 

[0028] Controller CNT is equipped with the microprocessor (MPU) which carries out change control of the 
above-mentioned switching devices SW0, SW1, and SW2 with control signals D1, D2, and SCH. Here, with 
control signals D1 and D2, in case a flow and a switching device SW2 are made un-flowing for a switching device 
SW1 with control signals D1 and D2 in case a switching device SW0 is connected to the change contact a side 
with the change signal SCH, and a switching device SW0 is connected to the change contact b side, change 
control of the switching device SW1 is carried out so that un-flowing and a switching device SW2 may be 
considered as a flow. 

[0029] Next, actuation of the automatic power control circuit APC which has this configuration is explained. In 
case the luminescence reinforcement of semiconductor laser LD1 is adjusted, it directs for Controller CNT, a 
switching device SW0 is connected to the change contact a side, and parallel connection only of the variable 
resistor R1 is carried out to the monitor diode PD. Furthermore, a switching device SW1 is made into switch-on, 
and a switching device SW2 is made into non-switch-on. 

[0030] In this way, if change control of the switching devices SW0, SW1, and SW2 is carried out, the 
photocurrent Ipd according to the luminous intensity to which semiconductor laser LD1 emits light occurs to the 
monitor diode PD, and while the voltage Vr1 proportional to Photocurrent Ipd occurs in a variable resistor R1, 
voltage Vr1 will be further impressed by the inversed input terminal of the differential amplifier OP1. that is, — 
while the differential amplifier OP1 compares voltage Vr1 with reference voltage Vrefl — difference — voltage 
G1x (Vrefl -VrD — a switching device SW1 — minding — power amplifier AMP 1 — supplying — further — 
power amplifier AMP 1 — difference — it is supplying the drive current Id1 proportional to voltage G1x (Vrefl - 
Vr1) to semiconductor laser LD1, and photodetection by luminescence and the monitor diode PD of 
semiconductor laser LD1 is performed. 

[0031] this condition — the resistance of a variable resistor R1 — tuning finely — voltage Vr1 and difference - 

- by changing voltage G1x (Vrefl -Vrl), drive current Id1 is tuned finely and the luminescence reinforcement of 
semiconductor laser LD1 is finely tuned about desired reinforcement by it. Thereby, as mentioned above, voltage 
Vr1 returns to the original value again with a predetermined time constant. 

[0032] Next, in case the luminescence reinforcement of semiconductor laser LD2 is adjusted, it directs for 
Controller CNT, a switching device SW0 is connected to the change contact b side, and parallel connection only 
of the variable resistor R2 is carried out to the monitor diode PD. Furthermore, a switching device SW1 is made 
into non-switch-on, and a switching device SW2 is made into switch-on. 

[0033] In this way, if change control of the switching devices SW0, SW1, and SW2 is carried out, the 
photocurrent Ipd according to the luminous intensity to which semiconductor laser LD2 emits light occurs to the 
monitor diode PD, and while the voltage Vr2 proportional to Photocurrent Ipd occurs in a variable resistor R2, 
voltage Vr2 will be further impressed by the inversed input terminal of the differential amplifier OP2. that is, — 
while the differential amplifier OP2 compares voltage Vr2 with reference voltage Vref2 — difference — voltage 
G2x (Vref2-Vr2) — a switching device SW2 — minding — power amplifier AMP 2 — supplying — further — 
power amplifier AMP 2 — difference — it is supplying the drive current Id2 proportional to voltage G2x (Vref2- 
Vr2) to semiconductor laser LD2, and photodetection by luminescence and the monitor diode PD of 
semiconductor laser LD2 is performed. 

[0034] this condition — the resistance of a variable resistor R2 — tuning finely — voltage Vr2 and difference - 

- by changing voltage G2x (Vref2-Vr2), drive current Id2 is tuned finely and the luminescence reinforcement of 


semiconductor laser LD2 is finely tuned about desired reinforcement by it. Thereby, as mentioned above, voltage 
Vr2 returns to the original value again with a predetermined time constant. 

[0035] By thus, the thing for which change control of the switching devices SWO, SW1, and SW2 is carried out, 
and each resistance of variable resistors R1 and R2 is tuned finely Drive current of the semiconductor laser 
LD1 and LD2 by the automatic power control circuit APC () That is, the direct-current bias currents Id1 and Id2 
can be adjusted to a suitable value, and it becomes possible to optimize the luminescence reinforcement of the 
semiconductor laser LD1 and LD2 at the time of performing information writing or information reading optically 
to information record media, such as CD and DVD. 

[0036] In addition, in case semiconductor laser LD1 performs information writing or information reading, while 
making a switching device SW1 a flow and making a switching device SW2 un-flowing, it can maintain at the 
value which tuned the luminescence reinforcement of semiconductor laser LD1 by this automatic power control 
circuit APC finely by connecting a switching device SWO to the change contact a side. 

[0037] Moreover, in case semiconductor laser LD2 performs information writing or information reading, while 
making a switching device SW1 un-flowing and making a switching device SW2 a flow, it can maintain at the 
value which tuned the luminescence reinforcement of semiconductor laser LD2 by this automatic power control 
circuit APC finely by connecting a switching device SWO to the change contact b side. 

[0038] Thus, according to the automatic power control circuit APC of this operation gestalt, even if it is the 
light source OG equipped with one monitor diode PD to two semiconductor laser LD1 and LD2, based on the 
output of the monitor diode PD, the luminescence reinforcement of semiconductor laser LD1 and LD2 can be 
finely tuned with a respectively individually and sufficient precision. 

(2nd operation gestalt) Next, the 2nd operation gestalt is explained with reference to drawing 3 . In addition, in 
drawing 3 , the same sign shows the same as that of dra wing 1 , or a corresponding portion. 
[0039] If difference with the automatic power control circuit APC shown in the automatic power control circuit 
APC and drawing 1 of this operation gestalt shown in drawing 3 is described, in the automatic power control 
circuit APC shown in drawing 1 It is in the point established between supply voltage Vcc and the inversed input 
terminal of differential amplifier OP1 and OP2 in the automatic power control circuit APC of this operation 
gestalt to switching devices SW1 and SW2 being formed between differential amplifier OP1 and OP2 and power 
amplifier AMP1 and AMP2. 

[0040] That is, between the inversed input terminal of the differential amplifier OP1, and supply voltage Vcc, a 
switching device SW1 is formed through Resistance ra, and the switching device SW2 is formed through 
Resistance rb between the inversed input terminal of the differential amplifier OP2, and supply voltage Vcc. 
[0041] Moreover, the buffer amplifier BF is formed between the monitor diode PD and resistance r10 and r20. 
[0042] In the automatic power control circuit APC which has this configuration, in case the luminescence 
reinforcement of semiconductor laser LD1 is adjusted, it directs for Controller CNT, a switching device SWO is 
connected to the change contact a side, and parallel connection only of the variable resistor R1 is carried out to 
the monitor diode PD. Furthermore, a switching device SW1 is made into non-switch-on, and a switching device 
SW2 is made into switch-on. 

[0043] In this way, if change control of the switching devices SWO, SW1, and SW2 is carried out, since the 
potential of the inversed input terminal of the differential amplifier OP2 will become higher than reference 
voltage Vref2, the differential amplifier OP2 will be in an OFF state, and semiconductor laser LD2 will be in a 
putting-out-lights condition, without supplying drive current Id2. 

[0044] On the other hand, since the potential of the non-inversed input terminal of the differential amplifier OP1 
becomes lower than reference voltage Vrefl, the differential amplifier OP1 will be in operating state, drive 
current Id1 is supplied and semiconductor laser LD1 emits light. And the photocurrent Ipd according to the 
luminous intensity which emits light occurs to the monitor diode PD, and further, while the voltage Vr1 
proportional to Photocurrent Ipd occurs in a variable resistor R1, voltage Vr1 is impressed by the inversed input 
terminal of the differential amplifier OP1 through the buffer amplifier BF. that is, — while the differential 
amplifier OP compares voltage Vr1 with reference voltage Vrefl — difference — voltage G1x (Vrefl -Vr1) — a 
switching device SW1 — minding — power amplifier AMP 1 — supplying — further — power amplifier AMP 1 — 
difference — it is supplying the drive current Id1 proportional to voltage G1x (Vrefl -Vr1) to semiconductor 
laser LD1, and photodetection by luminescence and the monitor diode PD of semiconductor laser LD1 is 
performed. 

[0045] this condition — the resistance of a variable resistor R1 — tuning finely — voltage Vrl and difference - 
- by changing voltage G1x (Vrefl -Vr1), drive current Id1 is tuned finely and the luminescence reinforcement of 
semiconductor laser LD1 is finely tuned about desired reinforcement by it. Thereby, as mentioned above, voltage 
Vr1 returns to the original value again with a predetermined time constant. 

[0046] Next, in case the luminescence reinforcement of semiconductor laser LD2 is adjusted, it directs for 
Controller CNT, a switching device SWO is connected to the change contact b side, and parallel connection only 
of the variable resistor R2 is carried out to the monitor diode PD. Furthermore, a switching device SW1 is made 
into switch-on, and a switching device SW2 is made into non-switch-on. 

[0047] In this way, if change control of the switching devices SWO, SW1, and SW2 is carried out, since the 
potential of the inversed input terminal of the differential amplifier OP1 will become higher than reference 
voltage Vrefl, the differential amplifier OP1 will be in an OFF state, and semiconductor laser LD1 will be in a 
putting-out-lights condition, without supplying drive current Id1. 


[0048] On the other hand, since the potential of the non-inversed input terminal of the differential amplifier OP2. 
becomes lower than reference voltage Vref2, the differential amplifier OP2 will be in operating state, drive 
current Id2 is supplied and semiconductor laser LD2 emits light. And the photocurrent Ipd according to the 
luminous intensity which emits light occurs to the monitor diode PD, and further, while the voltage Vr2 
proportional to Photocurrent Ipd occurs in a variable resistor R2, voltage Vr2 is impressed by the inversed input 
terminal of the differential amplifier OP2 through the buffer amplifier BF. that is, — while the differential 
amplifier OP compares voltage Vr2 with reference voltage Vref2 — difference — voltage G2x (Vref2-Vr2) — a 
switching device SW2 — minding — power amplifier AMP 2 — supplying — further — power amplifier AMP 2 — 
difference — it is supplying the drive current Id2 proportional to voltage G2x (Vref2-Vr2) to semiconductor 
laser LD2, and photodetection by luminescence and the monitor diode PD of semiconductor laser LD2 is 
performed. 

[0049] this condition — the resistance of a variable resistor R2 — tuning finely — voltage Vr2 and difference - 
- by changing voltage G2x (Vref2-Vr2), drive current Id2 is tuned finely and the luminescence reinforcement of 
semiconductor laser LD2 is finely tuned about desired reinforcement by it. Thereby, as mentioned above, voltage 
Vr2 returns to the original value again with a predetermined time constant. 

[0050] By thus, the thing for which change control of the switching devices SW0, SW1 , and SW2 is carried out, 
and each resistance of variable resistors R1 and R2 is tuned finely Drive current of the semiconductor laser 
LD1 and LD2 by the automatic power control circuit APC () That is, the direct-current bias currents Id1 and Id2 
can be adjusted to a suitable value, and it becomes possible to optimize the luminescence reinforcement of the 
semiconductor laser LD1 and LD2 at the time of performing information writing or information reading optically 
to information record media, such as CD and DVD. Moreover, even if it is the light source OG equipped with one 
monitor diode PD to two semiconductor laser LD1 and LD2, based on the output of the monitor diode PD, the 
luminescence reinforcement of semiconductor laser LD1 and LD2 can be finely tuned with a respectively 
individually and sufficient precision. 

(3rd operation gestalt) Next, the 3rd operation gestalt is explained with reference to drawing 4 . In addition, in 
drawing 4 , the same sign shows the same as that of aVawingJ. , or a corresponding portion. 

[0051] In drawi ng 4 , if difference with drawing 1 is explained, it connects with the reverse bias to supply voltage 
Vcc and the grand terminal GND, and the anode of the monitor diode PD minds the grand terminal GND, the 
cathode minds variable resistors R1 and R2, and the monitor diode PD is connected to supply voltage Vcc in 
this automatic power control circuit APC. 

[0052] Furthermore, parallel connection of the variable resistors R1 and R2 is carried out, the traveling contact 
of a variable resistor R1 is connected to the non-inversed input terminal of the differential amplifier OP1, and 
the traveling contact of a variable resistor R2 is connected to the non-inversed input terminal of the differential 
amplifier OP2. 

[0053] Moreover, the low reference voltage Vrefl is impressed by supply voltage Vcc through resistance r10, 
and the reference voltage Vref2 only with low constant-voltage-power-supply E 2 minutes is impressed to the 
inversed input terminal of the differential amplifier OP2 by supply voltage Vcc through resistance r20 only for 
constant-voltage-power-supply E 1 minute at the inversed input terminal of the differential amplifier OP1 from 
it. 

[0054] Next, actuation of the automatic power control circuit APC of this configuration is explained. In case the 
luminescence reinforcement of semiconductor laser LD1 is adjusted, it directs for Controller CNT, and with 
control signals D1 and D2, a switching device SW1 is switched to switch-on, and a switching device SW2 is 
switched to non-switch-on. 

[0055] In this way, if change control of the switching devices SW1 and SW2 is carried out, the photocurrent Ipd 
according to the luminous intensity to which semiconductor laser LD1 emits light will occur to the monitor diode 
PD, and the photocurrents II and 12 shunted toward variable resistors R1 and R2 in proportion to each 
resistance will flow further. Moreover, in both the both ends of variable resistors R1 and R2, an equal voltage 
drop (I1xR1=I2xR2) occurs. 

[0056] Moreover, in the traveling contact of a variable resistor R1, the division voltage Vr1 according to the 
location occurs, and the division voltage Vr2 according to the location occurs in the traveling contact of a 
variable resistor R2. And the division voltage Vrt is impressed to the non-inversed input terminal of the 
differential amplifier OP1, and the division voltage Vr2 is impressed to the non-inversed input terminal of the 
differential amplifier OP2. 

[0057] When voltage Vr1 is impressed to the differential amplifier OP1, in this way, the differential amplifier OP1 
Voltage G1x (Vrefl -Vr1) is supplied to power amplifier AMP 1 through a switching device SW1. voltage Vr1 and 
reference voltage Vrefl — comparing — difference — furthermore, the power amplifier AMP 1 — difference — 
photodetection by luminescence and the monitor diode PD of semiconductor laser LD1 is performed by 
supplying the drive current Id1 proportional to voltage G1x (Vref 1 -Vr1 ) to semiconductor laser LD1. 
[0058] on the other hand — the differential amplifier OP2 — the same — voltage Vr2 and reference voltage 
Vref2 — comparing — difference — although voltage G2x (Vref2-Vr2) is outputted to a switching device SW2 
side, since the switching device SW2 is non-switch-on, drive current Id2 is not supplied but semiconductor laser 
LD2 will be in a putting-out-lights condition. 

[0059] the difference outputted from the differential amplifier OP1 by tuning the traveling contact location of a 
variable resistor R1 finely, and changing voltage Vr1 in this condition — while changing voltage G1x (Vrefl -Vr1) 
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and tuning drive current Idl finely by it, the luminescence reinforcement of semiconductor laser LD1 is finely 
tuned about desired reinforcement. Thereby, as mentioned above, voltage Vrl returns to the original value again 
with a predetermined time constant. 

[0060] Next, in case the luminescence reinforcement of semiconductor laser LD2 is adjusted, it directs for 
Controller CNT, and with control signals D1 and D2, a switching device SW1 is switched to non-switch-on, and a 
switching device SW2 is switched to switch-on. 

[0061] In this way, if change control of the switching devices SW1 and SW2 is carried out, the photocurrent Ipd 
according to the luminous intensity to which semiconductor laser LD2 emits light will occur to the monitor diode 
PD, and the photocurrents 11 and 12 shunted toward variable resistors R1 and R2 in proportion to each 
resistance will flow further. Moreover, in both the both ends of variable resistors R1 and R2, an equal voltage 
drop (I1xR1=I2xR2) occurs. 

[0062] Moreover, in the traveling contact of a variable resistor R1, the division voltage Vr1 according to the 
location occurs, and the division voltage Vr2 according to the location occurs in the traveling contact of a 
variable resistor R2. And the division voltage Vr1 is impressed to the non-inversed input terminal of the 
differential amplifier OP1, and the division voltage Vr2 is impressed to the non-inversed input terminal of the 
differential amplifier OP2. 

[0063] When voltage Vr2 is impressed to the differential amplifier OP2, in this way, the differential amplifier OP2 
Voltage G2x (Vref2-Vr2) is supplied to power amplifier AMP 2 through a switching device SW2. voltage Vr2 and 
reference voltage Vref2 — comparing — difference — furthermore, the power amplifier AMP 2 — difference — 
photodetection by luminescence and the monitor diode PD of semiconductor laser LD2 is performed by 
supplying the drive current Id2 proportional to voltage G2x (Vref2-Vr2) to semiconductor laser LD2. 
[0064] on the other hand — the differential amplifier OP1 — the same — voltage Vr1 and reference voltage 
Vrefl — comparing — difference — although voltage G1x (Vref1-Vr1) is outputted to a switching device SW1 
side, since the switching device SW1 is non-switch-on, drive current Idl is not supplied but semiconductor laser 
LD1 will be in a putting-out-lights condition. 

[0065] the difference outputted from the differential amplifier OP2 by tuning the traveling contact location of a 
variable resistor R2 finely, and changing voltage Vr2 in this condition — while changing voltage G2x (Vref2-Vr2) 
and tuning drive current Id2 finely by it, the luminescence reinforcement of semiconductor laser LD2 is finely 
tuned about desired reinforcement. Thereby, as mentioned above, voltage Vr2 returns to the original value again 
with a predetermined time constant. 

[0066] By thus, the thing for which change control of the switching devices SW1 and SW2 is carried out, and the 
location of each traveling contact of variable resistors R1 and R2 is tuned finely Drive current of the 
semiconductor laser LD1 and LD2 by the automatic power control circuit APC.O That is, the direct-current bias 
currents Idl and Id2 can be adjusted to a suitable value, and it becomes possible to optimize the luminescence 
reinforcement of the semiconductor laser LD1 and LD2 at the time of performing information writing or 
information reading optically to information record media, such as CD and DVD. 

[0067] The luminescence reinforcement of semiconductor laser LD1 and LD2 can be adjusted with an 
individually and sufficient precision by tuning each traveling contact location of variable resistors R1 and R2 
finely especially. 

[0068] And in case a switching device SW1 is made a flow, a switching device SW2 is made un-flowing, in case 
semiconductor laser LD1 performs information writing or information reading and semiconductor laser LD2 
performs information writing or information reading after tuning finely, a switching device SW1 is made un- 
flowing, and a switching device SW2 is made a flow. 

[0069] Thus, according to the automatic power control circuit APC of this operation gestalt, even if it is the 
light source OG equipped with one monitor diode PD to two semiconductor laser LD1 and LD2, based on the 
output of the monitor diode PD, the luminescence reinforcement of semiconductor laser LD1 and LD2 can be 
finely tuned with a respectively individually and sufficient precision. 

[0070] Moreover, since the switching device SW0 shown with the 1st and 2nd operation gestalt becomes 
unnecessary, a circuit scale can be made small. 

[0071] Moreover, the switching device SW0 shown with the 1st and 2nd operation gestalt Although the case 
where the photocurrent Ipd which the on resistance influences variable resistors R1 and R2, and produces to 
the monitor diode PD is undetectable with a sufficient precision will be produced since on resistance arises if it 
forms with an analog switch etc. as shown in drawing 2 In this operation gestalt, since Photocurrent Ipd is 
detected as a voltage drop of only variable resistors R1 and R2, the drive current Id1 and Id2 of semiconductor 
laser LD1 and LD2 can be adjusted with high degree of accuracy rather than the 1st and 2nd operation gestalt. 
(4th operation gestalt) Next, the 4th operation gestalt is explained with reference to drawing 5 . In addition, in 
drawing 5 , the same sign shows the same as that of drawing 4 , or a corresponding portion. 
[0072] In drawing 5 , when difference with drawing 4 is explained, in the automatic power control circuit APC 
shown in drawing 4 , it is in the point established between supply voltage Vcc and the inversed input terminal of 
differential amplifier OP1 and OP2 in the automatic power control circuit APC of this operation gestalt to 
switching devices SW1 and SW2 being formed between differential amplifier OP1 and OP2 and power amplifier 
AMP1 and AMP2. 

[0073] That is, between the inversed input terminal of the differential amplifier OP1, and supply voltage Vcc, a 
switching device SW1 is formed through Resistance ra, and the switching device SW2 is formed through 


Resistance rb between the inversed input terminal of the differential amplifier 0P2, and supply voltage Vcc. 
[0074] In the automatic power control circuit APC of this configuration, in case th luminescence reinforcement 
of semiconductor laser LD1 is adjusted, it directs for Controller CNT, and with control signals D1 and D2, a 
switching device SW1 is switched to non-switch-on, and a switching device SW2 is switched to switch-on. 
[0075] In this way, if change control of the switching devices SW1 and SW2 is carried out, since the potential of 
the inversed input terminal of the differential amplifier OP2 will become higher than the potential (potential of 
reference voltage Vref2) of a non-inversed input terminal, the differential amplifier OP2 will be in an OFF state, 
consequently since, as for semiconductor laser LD2, drive current Id2 is not supplied, light is not emitted. 
[0076] since the potential of the non-inversed input terminal of the differential amplifier OP1 becomes higher 
than reference voltage Vrefl on the other hand — the differential amplifier OP1 — operating state — becoming 

— the difference of voltage Vr1 and reference voltage Vrefl — the drive current Id1 proportional to voltage 
(Vrefl -Vr1) is supplied to semiconductor laser LD1, and emits light. And the photocurrent Ipd according to the 
luminescence reinforcement of semiconductor laser LD1 occurs to the monitor diode PD. 

[0077] the difference outputted from the differential amplifier OP1 by tuning the traveling contact location of a 
variable resistor R1 finely, and changing voltage Vr1 in this condition — while changing voltage Glx (Vrefl -Vr1) 
and tuning drive current Id1 finely by it, the luminescence reinforcement of semiconductor laser LD1 is finely 
tuned about desired reinforcement. Thereby, as mentioned above, voltage Vr1 returns to the original value again 
with a predetermined time constant. 

[0078] Next, in case the luminescence reinforcement of semiconductor laser LD2 is adjusted, it directs for 
Controller CNT, and with control signals D1 and D2, a switching device SW1 is switched to switch-on, and a 
switching device SW2 is switched to non-switch-on. 

[0079] Since the potential of the inversed input terminal of the differential amplifier OP1 becomes higher than 
the potential (potential of reference voltage Vrefl) of a non-inversed input terminal by this, the differential 
amplifier OP1 will be in an OFF state, consequently since, as for semiconductor laser LD1, drive current Id1 is 
not supplied, light is not emitted. 

[0080] since the potential of the non-inversed input terminal of the differential amplifier OP2 becomes higher 
than reference voltage Vref2 on the other hand — the differential amplifier OP2 — operating state — becoming 

— the difference of voltage Vr2 and reference voltage Vref2 — the drive current Id2 proportional to voltage 
(Vref2-Vr2) is supplied to semiconductor laser LD2, and emits light. And the photocurrent Ipd according to the 
luminescence reinforcement of semiconductor laser LD2 occurs to the monitor diode PD. 

[0081] the difference outputted from the differential amplifier OP2 by tuning the traveling contact location of a 
variable resistor R2 finely, and changing voltage Vr2 in this condition — while changing voltage G2x (Vref2-Vr2) 
and tuning drive current Id2 finely by it, the luminescence reinforcement of semiconductor laser LD2 is finely 
tuned about desired reinforcement. Thereby, as mentioned above, voltage Vr2 returns to the original value again 
with a predetermined time constant. 

[0082] By thus, the thing for which change control of the switching devices SW1 and SW2 is carried out, and the 
location of each traveling contact of variable resistors R1 and R2 is tuned finely Drive current of the 
semiconductor laser LD1 and LD2 by the automatic power control circuit APC () That is, the direct-current bias 
currents Id1 and Id2 can be adjusted to a suitable value, and it becomes possible to optimize the luminescence 
reinforcement of the semiconductor laser LD1 and LD2 at the time of performing information writing or 
information reading optically to information record media, such as CD and DVD. 

[0083] The luminescence reinforcement of semiconductor laser LD1 and LD2 can be adjusted with an 
individually and sufficient precision by tuning each traveling contact location of variable resistors R1 and R2 
finely especially. 

[0084] And in case a switching device SW1 is made un-flowing, a switching device SW2 is made a flow, in case 
semiconductor laser LD1 performs information writing or information reading and semiconductor laser LD2 
performs information writing or information reading after tuning finely, a switching device SW1 is made a flow and 
a switching device SW2 is made un-flowing. 

[0085] Thus, according to the automatic power control circuit APC of this operation gestalt, even if it is the 
light source OG equipped with one monitor diode PD to two semiconductor laser LD1 and LD2, based on the 
output of the monitor diode PD, the luminescence reinforcement of semiconductor laser LD1 and LD2 can be 
finely tuned with a respectively individually and sufficient precision. 

(5th operation gestalt) Next, the 5th operation gestalt is explained with reference to drawing 6 . In addition, in 
drawing q t the same sign shows the same as that of drawing^ , or a corresponding portion. 
[0086] In drawing_6 , if difference with drayying _4 is explained, the cathode of semiconductor laser LD1 and LD2 
is connected to the grand terminal GND, and reverse bias connection of the monitor diode PD is made to supply 
voltage Vcc and the grand terminal GND. 

[0087] Furthermore, the anode of the monitor diode PD is connected to the grand terminal GND through the 
variable resistors R1 and R2 by which parallel connection was carried out, and the cathode is connected to 
supply voltage Vcc. 

[0088] Moreover, the traveling contact of a variable resistor R1 is connected to the inversed input terminal of 
the differential amplifier OP1 through resistance r10, and the traveling contact of a variable resistor R2 is 
connected to the inversed input terminal of the differential amplifier OP2 through resistance r20. In addition, the 
resistance of resistance r10 is large enough compared with the resistance of a variable resistor R1, and the 


large enough thing of the resistance of resistance r20 is desirable compared with the resistance of a variable 
resistor R2. That is, it is desirable to set it as the relation of r10 »R1 and r20 »R2. 

[0089] Moreover, the reference voltage Vrefl produced in the source E1 of a constant voltage is impressed to 
the non-inversed input terminal of the differential amplifier OP1, and the reference voltage Vref2 produc d in 
the source E2 of a constant voltage is impressed to the non-inversed input terminal of the differential amplifier 
OP2. 

[0090] In the automatic power control circuit APC of this configuration, in case the luminescence r inforcement 
of semiconductor laser LD1 is adjusted, it directs for Controller CNT, and with control signals D1 and D2, a 
switching device SW1 is switched to switch-on, and a switching device SW2 is switched to non-switch-on. 
[0091] In this way, if change control of the switching devices SW1 and SW2 is carried out, the photocurrent Ipd 
according to the luminous intensity to which semiconductor laser LD1 emits light will occur to the monitor diode 
PD, and the photocurrents 11 and 12 shunted toward variable resistors R1 and R2 in proportion to each 
resistance will flow further. Moreover, in both the both ends of variable resistors R1 and R2, an equal voltage 
drop (I1xR1=I2xR2) occurs. 

[0092] Moreover, in the traveling contact of a variable resistor R1, the division voltage Vr1 according to the 
location occurs, and the division voltage Vr2 according to the location occurs in the traveling contact of a 
variable resistor R2. And the division voltage Vr1 is impressed to the inversed input terminal of the differential 
amplifier OP1 through resistance r10, and the division voltage Vr2 is impressed to the inversed input terminal of 
the differential amplifier OP2 through resistance r20. 

[0093] When voltage Vr1 is impressed to the differential amplifier OP1, in this way, the differential amplifier OP1 
Voltage G1x (Vrefl -Vr1) is supplied to power amplifier AMP 1 through a switching device SW1. voltage Vr1 and 
reference voltage Vrefl — comparing — difference — furthermore, the power amplifier AMP 1 — difference — 
photodetection by luminescence and the monitor diode PD of semiconductor laser LD1 is performed by 
supplying the drive current Id1 proportional to voltage G1x (Vrefl -Vr1) to semiconductor laser LD1. 
[0094] on the other hand — the differential amplifier OP2 — the same — voltage Vr2 and reference voltage 
Vref2 — comparing — difference — although voltage G2x (Vref2-Vr2) is outputted to a switching device SW2 
side, since the switching device SW2 is non-switch-on, drive current Id2 is not supplied but semiconductor laser 
LD2 will be in a putting-out-lights condition. 

[0095] the difference outputted from the differential amplifier OP1 by tuning the traveling contact location of a 
variable resistor R1 finely, and changing voltage Vr1 in this condition — while changing voltage G1x (Vrefl -Vr1) 
and tuning drive current Id1 finely by it, the luminescence reinforcement of semiconductor laser LD1 is finely 
tuned about desired reinforcement. Thereby, as mentioned above, voltage Vr1 returns to the original value again 
with a predetermined time constant. 

[0096] Next, in case the luminescence reinforcement of semiconductor laser LD2 is adjusted, it directs for 
Controller CNT, and with control signals D1 and D2, a switching device SW1 is switched to non-switch-on, and a 
switching device SW2 is switched to switch-on. 

[0097] In this way, if change control of the switching devices SW1 and SW2 is carried out, the photocurrent Ipd 
according to the luminous intensity to which semiconductor laser LD2 emits light will occur to the monitor diode 
PD, and the photocurrents 11 and 12 shunted toward variable resistors R1 and R2 in proportion to each 
resistance will flow further. Moreover, in both the both ends of variable resistors R1 and R2, an equal voltage 
drop (11 xR1=I2xR2) occurs. 

[0098] Moreover, in the traveling contact of a variable resistor R1, the division voltage Vr1 according to the 
location occurs, and the division voltage Vr2 according to the location occurs in the traveling contact of a 
variable resistor R2. And the division voltage Vr1 is impressed to the inversed input terminal of the differential 
amplifier OP1, and the division voltage Vr2 is impressed to the inversed input terminal of the differential 
amplifier OP2. 

[0099] When voltage Vr2 is impressed to the differential amplifier OP2, in this way, the differential amplifier OP2 
Voltage G2x (Vref2-Vr2) is supplied to power amplifier AMP 2 through a switching device SW2. voltage Vr2 and 
reference voltage Vref2 — comparing — difference — furthermore, the power amplifier AMP 2 — difference — 
photodetection by luminescence and the monitor diode PD of semiconductor laser LD2 is performed by 
supplying the drive current Id2 proportional to voltage G2x (Vref2-Vr2) to semiconductor laser LD2. 
[0100] on the other hand — the differential amplifier OP1 — the same — voltage Vr1 and reference voltage 
Vrefl — comparing — difference — although voltage G1x (Vrefl -Vr1) is outputted to a switching device SW1 
side, since the switching device SW1 is non-switch-on, drive current Id1 is not supplied but semiconductor laser 
LD1 will be in a putting-out-lights condition. 

[0101] the difference outputted from the differential amplifier OP2 by tuning the traveling contact location of a 
variable resistor R2 finely, and changing voltage Vr2 in this condition — while changing voltage G2x (Vref2-Vr2) 
and tuning drive current Id2 finely by it, the luminescence reinforcement of semiconductor laser LD2 is finely 
tuned about desired reinforcement. Thereby, as mentioned above, voltage Vr2 returns to the original value again 
with a predetermined time constant. 

[0102] By thus, the thing for which change control of the switching devices SW1 and SW2 is carried out, and the 
location of each traveling contact of variable resistors R1 and R2 is tuned finely Drive current of the 
semiconductor laser LD1 and LD2 by the automatic power control circuit APC () That is, the direct-current bias 
currents Id1 and Id2 can be adjusted to a suitable value, and it becomes possible to optimize the luminescence 
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reinforcement of the semiconductor laser LD1 and LD2 at the time of performing information writing or 
information reading optically to information record media, such as CD and DVD. 

[0103] The luminescence reinforcement of semiconductor laser LD1 and LD2 can be adjusted with an 
individually and sufficient precision by tuning each adjustable contact location of variable resistors R1 and R2 
finely especially. 

[0104] And in case a switching device SW1 is made a flow, a switching device SW2 is made un-flowing, in case 
semiconductor laser LD1 performs information writing or information reading and semiconductor laser LD2 
performs information writing or information reading after tuning finely, a switching device SW1 is made un- 
flowing, and a switching device SW2 is made a flow. 

[0105] Thus, according to the automatic power control circuit APC of this operation gestalt, even if it is the 
light source OG equipped with one monitor diode PD to two semiconductor laser LD1 and LD2, based on the 
output of the monitor diode PD, the luminescence reinforcement of semiconductor laser LD1 and LD2 can be 
finely tuned with a respectively individually and sufficient precision. 

(6th operation gestalt) Next, the 6th operation gestalt is explained with reference to drawin g 7 . In addition, in 
drawing 7 , the same sign shows the same as that of drawing 6 , or a corresponding portion. 
[0106] In drawing 7 , when difference with drawing 6 is described, in the automatic power control circuit APC 
shown in drawing 6 , it is in the point established between supply voltage Vcc and the inversed input terminal of 
differential amplifier OP1 and OP2 in the automatic power control circuit APC of this operation gestalt to 
switching devices SW1 and SW2 being formed between differential amplifier OP1 and OP2 and power amplifier 
AMP1 and AMP2. 

[0107] That is, between the inversed input terminal of the differential amplifier OP1, and supply voltage Vcc, a 
switching device SW1 is formed through Resistance ra, and the switching device SW2 is formed through 
Resistance rb between the inversed input terminal of the differential amplifier OP2, and supply voltage Vcc. 
[0108] Moreover, the voltage Vr1 produced in the traveling contact of a variable resistor R1 is supplied to the 
differential amplifier OP1 through the buffer amplifier BF 1, and the voltage Vr2 produced in the traveling 
contact of a variable resistor R2 is supplied to the differential amplifier OP2 through the buffer amplifier BF 2. 
[0109] In this configuration, in case the luminescence reinforcement of semiconductor laser LD1 is adjusted, it 
directs for Controller CNT, and with control signals D1 and D2, a switching device SW1 is switched to non- 
switch-on, and a switching device SW2 is switched to switch-on. 

[01 10] In this way, if change control of the switching devices SW1 and SW2 is carried out, the photocurrent Ipd 
according to the luminous intensity to which semiconductor laser LD1 emits light will occur to the monitor diode 
PD, and the photocurrents 11 and 12 shunted toward variable resistors R1 and R2 in proportion to each 
resistance will flow further. Moreover, in both the both ends of variable resistors R1 and R2, an equal voltage 
drop (I1xR1=I2xR2) occurs. 

[01 1 1] Moreover, in the traveling contact of a variable resistor R1, the division voltage Vr1 according to the 
location occurs, and the division voltage Vr2 according to the location occurs in the traveling contact of a 
variable resistor R2. And the division voltage Vr1 is impressed to the inversed input terminal of the differential 
amplifier OP1 through resistance r10, and the division voltage Vr2 is impressed to the inversed input terminal of 
the differential amplifier OP2 through resistance r20. 

[01 12] When voltage Vr1 is impressed to the differential amplifier OP1, in this way, the differential amplifier OP1 
Voltage G1x (Vref1-Vr1) is supplied to power amplifier AMP 1. voltage Vr1 and reference voltage Vrefl — 
comparing — difference — furthermore, the power amplifier AMP 1 — difference — photodetection by 
luminescence and the monitor diode PD of semiconductor laser LD1 is performed by supplying the drive current 
Idl proportional to voltage G1x (Vrefl -Vr1) to semiconductor laser LD1. 

[01 13] On the other hand, since the potential of a non-inversed input terminal becomes higher than reference 
voltage Vref2, the differential amplifier OP2 will be in an OFF state, drive current Id2 is not supplied but a result 
and semiconductor laser LD2 will be in a putting-out-lights condition. 

[01 14] the difference outputted from the differential amplifier OP1 by tuning the traveling contact location of a 
variable resistor R1 finely, and changing voltage Vr1 in this condition — while changing voltage G1x (Vrefl -Vrl) 
and tuning drive current Idl finely by it, the luminescence reinforcement of semiconductor laser LD1 is finely 
tuned about desired reinforcement. Thereby, as mentioned above, voltage Vr1 returns to the original value again 
with a predetermined time constant. 

[0115] Next, in case the luminescence reinforcement of semiconductor laser LD2 is adjusted, it directs for 
Controller CNT, and with control signals D1 and D2, a switching device SW1 is switched to switch-on, and a 
switching device SW2 is switched to non-switch-on. 

[01 16] In this way, if change control of the switching devices SW1 and SW2 is carried out, the photocurrent Ipd 
according to the luminous intensity to which semiconductor laser LD2 emits light will occur to the monitor diode 
PD, and the photocurrents 11 and 12 shunted toward variable resistors R1 and R2 in proportion to each 
resistance will flow further. Moreover, in both the both ends of variable resistors R1 and R2, an equal voltage 
drop (I1xR1=I2xR2) occurs. 

[01 17] Moreover, in the traveling contact of a variable resistor R1, the division voltage Vr1 according to the 
location occurs, and the division voltage Vr2 according to the location occurs in the traveling contact of a 
variable resistor R2. And the division voltage Vr1 is impressed to the inversed input terminal of the differential 
amplifier OP1, and the division voltage Vr2 is impressed to the inversed input terminal of the differential 


amplifier OP2. 

[01 18] When voltage Vr2 is impressed to the differential amplifier OP2, in this way, the differential amplifier OP2 
Voltage G2x (Vref2-Vr2) is supplied to power amplifier AMP 2. voltage Vr2 and reference voltage Vref2 — 
comparing — difference — furthermore, the power amplifier AMP 2 — difference — photodetection by 
luminescence and the monitor diode PD of semiconductor laser LD2 is performed by supplying the drive current 
Id2 proportional to voltage G2x (Vref2-Vr2) to semiconductor laser LD2. 

[01 19] On the other hand, since the potential of an inversed input terminal becomes higher than reference 
voltage Vrefl, the differential amplifier OP1 will be in an OFF state, drive current Id1 is not supplied but a result 
and semiconductor laser LD1 will be in a putting-out-lights condition. 

[0120] the difference outputted from the differential amplifier OP2 by tuning the traveling contact location of a 
variable resistor R2 finely, and changing voltage Vr2 in this condition — while changing voltage G2x (Vref2-Vr2) 
and tuning drive current Id2 finely by it, the luminescence reinforcement of semiconductor laser LD2 is finely 
tuned about desired reinforcement. Thereby, as mentioned above, voltage Vr2 returns to the original value again 
with a predetermined time constant. 

[0121] By thus, the thing for which change control of the switching devices SW1 and SW2 is carried out, and the 
location of each traveling contact of variable resistors R1 and R2 is tuned finely Drive current of the 
semiconductor laser LD1 and LD2 by the automatic power control circuit APC () That is, the direct-current bias 
currents Id1 and Id2 can be adjusted to a suitable value, and it becomes possible to optimize the luminescence 
reinforcement of the semiconductor laser LD1 and LD2 at the time of performing information writing or 
information reading optically to information record media, such as CD and DVD. 

[0122] The luminescence reinforcement of semiconductor laser LD1 and LD2 can be adjusted with an 
individually and sufficient precision by tuning each traveling contact location of variable resistors R1 and R2 
finely especially. 

[01 23] And in case a switching device SW1 is made un _ flowing, a switching device SW2 is made a flow, in case 
semiconductor laser LD1 performs information writing or information reading and semiconductor laser LD2 
performs information writing or information reading after tuning finely, a switching device SW1 is made a flow and 
a switching device SW2 is made un-flowing. 

[01 24] Thus, according to the automatic power control circuit APC of this operation gestalt, even if it is the 
light source OG equipped with one monitor diode PD to two semiconductor laser LD1 and LD2, based on the 
output of the monitor diode PD, the luminescence reinforcement of semiconductor laser LD1 and LD2 can be 
finely tuned with a respectively individually and sufficient precision. 

(7th operation gestalt) The 7th operation gestalt is explained with reference to drawing 8 . In addition, in drawing 
8 , the same sign shows the same as that of drawing 6 , or a corresponding portion. 

[01 25] When difference with drawing 6 is described, in drawing 8 in the automatic power control circuit of 
drawing 6 As opposed to the variable resistors R1 and R2 by which parallel connection was carried out being 
connected to the anode of the monitor diode PD in the automatic power control circuit APC of this operation 
gestalt The anode of the monitor diode PD is connected to the grand terminal GND through a variable resistor 
R1, and the cathode of the monitor diode PD is connected to supply voltage Vcc through the variable resistor 
R2. 

[0126] Moreover, the node of the anode of the monitor diode PD and a variable resistor R1 is connected to the 
inversed input terminal of the differential amplifier OP1 through resistance r10, and the node of the cathode of 
the monitor diode PD and a variable resistor R2 is connected to the non-inversed input terminal of the 
differential amplifier OP2. 

[0127] Moreover, the reference voltage Vrefl of the source E1 of a constant voltage is impressed to the non- 
inversed input terminal of the differential amplifier OP1, and the low reference voltage Vrefl is impressed to the 
inversed input terminal of the differential amplifier OP2 from supply voltage Vcc only for source of constant 
voltage E 2 minutes. 

[0128] In the automatic power control circuit APC of this configuration, in case the luminescence reinforcement 
of semiconductor laser LD1 is adjusted, it directs for Controller CNT, and with control signals D1 and D2, a 
switching device SW1 is switched to switch-on, and a switching device SW2 is switched to non-switch-on. 
[0129] In this way, if change control of the switching devices SW1 and SW2 is carried out, since drive current 
Id2 is not supplied, semiconductor laser LD2 will be in a putting-out-lights condition. The photocurrent Ipd 
according to the luminous intensity to which semiconductor laser LD1 emits light occurs to the monitor diode 
PD. Further to variable resistors R1 and R2 The voltage drops Vr1 and Vr2 according to each resistance occur, 
voltage Vr1 is impressed to the inversed input terminal of the differential amplifier OP1, and voltage Vr2 is 
impressed to the non-inversed input terminal of the differential amplifier OP2. 

[0130] the difference outputted from the differential amplifier OP1 by tuning the resistance of a variable resistor 
R1 finely, and changing voltage Vr1 in this condition — while changing voltage G1x (Vrefl -Vr1) and tuning drive 
current Id 1 finely by it, the luminescence reinforcement of semiconductor laser LD1 is finely tuned about 
desired reinforcement. Thereby, as mentioned above, voltage Vr1 returns to the original value again with a 
predetermined time constant. 

[0131] Next, in case the luminescence reinforcement of semiconductor laser LD2 is adjusted, it directs for 
Controller CNT, and with control signals D1 and D2, a switching device SW1 is switched to non-switch-on, and a 
switching device SW2 is switched to switch-on. 


[0132] In this way, if change control of the switching devices SW1 and SW2 is carried out, since drive current 
Id1 is not supplied, it will be in a putting-out-lights condition, and the photocurrent Ipd according to the 
luminous intensity to which semiconductor laser LD2 emits light will occur to the monitor diode PD, and the 
voltage drops Vr1 and VV2 according to each resistance will generate semiconductor laser LD1 in variable 
resistors R1 and R2 further. 

[0133] the differenc outputted from the differential amplifier OP2 by tuning the resistance of a variable resistor 
R2 finely, and changing voltage Vr2 in this condition — while changing voltage G2x (Vref2-Vr2) and tuning drive 
current Id2 finely by it, the luminescence reinforcement of semiconductor laser LD2 is finely tuned about 
desired reinforcement. Thereby, as mentioned above, voltage VY2 returns to the original value again with a 
predetermined time constant. 

[0134] By thus, the thing for which change control of the switching devices SW1 and SW2 is carried out, and 
each resistance of variable resistors R1 and R2 is tuned finely Drive current of the semiconductor laser LD1 
and LD2 by the automatic power control circuit APC () That is, the direct-current bias currents Id1 and Id2 can 
be adjusted to a suitable value, and it becomes possible to optimize the luminescence reinforcement of the 
semiconductor laser LD1 and LD2 at the time of performing information writing or information reading optically 
to information record media, such as CD and DVD. 

[0135] The luminescence reinforcement of semiconductor laser LD1 and LD2 can be adjusted with an 
individually and sufficient precision by tuning each resistance of variable resistors R1 and R2 finely especially. 
[0136] And in case a switching device SW1 is made a flow, a switching device SW2 is made un- flowing, in case 
semiconductor laser LD1 performs information writing or information reading and semiconductor laser LD2 
performs information writing or information reading after tuning finely, a switching device SW1 is made un- 
flowing, and a switching device SW2 is made a flow. 

[0137] Thus, according to the automatic power control circuit APC of this operation gestalt, even if it is the 
light source OG equipped with one monitor diode PD to two semiconductor laser LD1 and LD2, based on the 
output of the monitor diode PD, the luminescence reinforcement of semiconductor laser LD1 and LD2 can be 
finely tuned with a respectively individually and sufficient precision. 

(8th operation gestalt) The 8th operation gestalt is explained with reference to drawing 9 . In addition, in drawing 
9 , the same sign shows the same as that of drawing 8 , or a corresponding portion. 

[0138] In drawing 9 , when difference with drawing 8 is described, in the automatic power control circuit APC 
shown in drawing 8 , it is in the point established between supply voltage Vcc and the inversed input terminal of 
differential amplifier OP1 and OP2 in the automatic power control circuit APC of this operation gestalt to 
switching devices SW1 and SW2 being formed between differential amplifier OP1 and OP2 and power amplifier 
AMP1 and AMP2. Moreover, the voltage Vr1 produced in a variable resistor R1 is supplied to the differential 
amplifier OP1 through the buffer amplifier BF 1, and the voltage Vr2 produced in a variable resistor R2 is 
supplied to the differential amplifier OP2 through the buffer amplifier BF 2. 

[0139] In this configuration, in case the luminescence reinforcement of semiconductor laser LD1 is adjusted, it 
directs for Controller CNT, and with control signals D1 and D2, a switching device SW1 is switched to non- 
switch-on, and a switching device SW2 is switched to switch-on. 

[0140] In this way, if change control of the switching devices SW1 and SW2 is carried out, since drive current 
Id2 is not supplied, it will be in a putting-out- lights condition, and the photocurrent Ipd according to the 
luminous intensity to which semiconductor laser LD1 emits light will occur to the monitor diode PD, and the 
voltage drops Vr1 and Vr2 according to each resistance will generate semiconductor laser LD2 in variable 
resistors R1 and R2 further. 

[0141] the difference outputted from the differential amplifier OP1 by tuning the resistance of a variable resistor 
R1 finely, and changing voltage Vr1 in this condition — while changing voltage G1x (Vrefl-Vrl) and tuning drive 
current Id1 finely by it, the luminescence reinforcement of semiconductor laser LD1 is finely tuned about 
desired reinforcement. Thereby, as mentioned above, voltage Vr1 returns to the original value again with a 
predetermined time constant. 

[0142] Next, in case the luminescence reinforcement of semiconductor laser LD2 is adjusted, it directs for 
Controller CNT, and with control signals D1 and D2, a switching device SW1 is switched to switch-on, and a 
switching device SW2 is switched to non-switch-on. 

[0143] In this way, if change control of the switching devices SW1 and SW2 is carried out, since drive current 
Id1 is not supplied, it will be in a putting-out-lights condition, and the photocurrent Ipd according to the 
luminous intensity to which semiconductor laser LD2 emits light will occur to the monitor diode PD, and the 
voltage drops Vr1 and Vr2 according to each resistance will generate semiconductor laser LD1 in variable 
resistors R1 and R2 further. 

[0144] the difference outputted from the differential amplifier OP2 by tuning the resistance of a variable resistor 
R2 finely, and changing voltage Vr2 in this condition — while changing voltage G2x (Vref2-Vr2) and tuning drive 
current Id2 finely by it, the luminescence reinforcement of semiconductor laser LD2 is finely tuned about 
desired reinforcement. Thereby, as mentioned above, voltage Vr2 returns to the original value again with a 
predetermined time constant. 

[0145] By thus, the thing for which change control of the switching devices SW1 and SW2 is carried out, and 
each resistance of variable resistors R1 and R2 is tuned finely Drive current of the semiconductor laser LD1 
and LD2 by the automatic power control circuit APC () That is, the direct- current bias currents Id1 and Id2 can 


be adjusted to a suitable value, and it becomes possible to optimize the luminescence reinforcement of the 
semiconductor laser LD1 and~LD2 at the time of performing information writing or information reading optically 
to information record media, such as CD and DVD. 

[0146] The luminescence reinforcement of semiconductor laser LD1 and LD2 can be adjusted with an 
individually and sufficient precision by tuning each resistanc of variable resistors R1 and R2 finely especially 
[0147] And in case a switching device SW1 is made un— flowing, a switching device SW2 is made a flow, in case 
semiconductor laser LD1 performs information writing or information reading and semiconductor laser LD2 
performs information writing or information reading after tuning finely, a switching device SW1 is made a flow and 
a switching device SW2 is made un-flowing. 

[0148] Thus, according to the automatic power control circuit APC of this operation gestalt, even if it is the 
light source OG equipped with one monitor diode PD to two semiconductor laser LD1 and LD2, based on the 
output of the monitor diode PD, the luminescence reinforcement of semiconductor laser LD1 and LD2 can be 
finely tuned with a respectively individually and sufficient precision. 

(9th operation gestalt) The 9th operation gestalt is explained with reference to d rawin g 10 . In addition, in 
drawing 10 , the same sign shows the same as that of drawing 8 , or a corresponding portion. 
[0149] When difference with drawing 8 is described, in drawing 10 in the automatic power control circuit of 
drawing 8 Series connection of the variable resistors R1 and R2 is carried out to the monitor diode PD. As 
opposed to the voltage Vr1 and Vr2 produced in the anode and cathode of the monitor diode PD, respectively 
being supplied to the inversed input terminal of differential amplifier OP1 and OP2 In the automatic power 
control circuit APC of this operation gestalt, the voltage Vr1 and Vr2 produced in each traveling contact of 
variable resistors R1 and R2 is supplied to the inversed input terminal of differential amplifier OP1 and OP2. 
[0150] In the automatic power control circuit APC of this configuration, in case the luminescence reinforcement 
of semiconductor laser LD1 is adjusted, it directs for Controller CNT, and with control signals D1 and D2, a 
switching device SW1 is switched to switch-on, and a switching device SW2 is switched to non-switch-on. 
[0151] In this way, if change control of the switching devices SW1 and SW2 is carried out, since drive current 
Id2 is not supplied, semiconductor laser LD2 will be in a putting-out-lights condition. The photocurrent Ipd 
according to the luminous intensity to which semiconductor laser LD1 emits light occurs to the monitor diode 
PD. Further to variable resistors R1 and R2 The voltage drops Vr1 and Vr2 according to each traveling contact 
location occur, voltage Vr1 is impressed to the inversed input terminal of the differential amplifier OP1, and 
voltage Vr2 is impressed to the non-inversed input terminal of the differential amplifier OP2. 
[0152] the difference outputted from the differential amplifier OP1 by tuning the traveling contact location of a 
variable resistor R1 finely, and changing voltage Vr1 in this condition — while changing voltage G1x (Vref1-Vr1) 
and tuning drive current Id1 finely by it, the luminescence reinforcement of semiconductor laser LD1 is finely 
tuned about desired reinforcement. Thereby, as mentioned above, voltage Vr1 returns to the original value again 
with a predetermined time constant. 

[0153] Next, in case the luminescence reinforcement of semiconductor laser LD2 is adjusted, it directs for 
Controller CNT, and with control signals D1 and D2, a switching device SW1 is switched to non-switch-on, and a 
switching device SW2 is switched to switch-on. 

[0154] In this way, if change control of the switching devices SW1 and SW2 is carried out, since drive current 
Id1 is not supplied, it will be in a putting-out-lights condition, and the photocurrent Ipd according to the 
luminous intensity to which semiconductor laser LD2 emits light will occur to the monitor diode PD, and the 
voltage drops Vr1 and Vr2 according to each resistance will generate semiconductor laser LD1 in variable 
resistors R1 and R2 further. 

[0155] the difference outputted from the differential amplifier OP2 by tuning the traveling contact location of a 
variable resistor R2 finely, and changing voltage Vr2 in this condition — while changing voltage G2x (Vref2-Vr2) 
and tuning drive current Id2 finely by it, the luminescence reinforcement of semiconductor laser LD2 is finely 
tuned about desired reinforcement. Thereby, as mentioned above, voltage Vr2 returns to the original value again 
with a predetermined time constant. 

[01 56] By thus, the thing for which change control of the switching devices SW1 and SW2 is carried out, and 
each traveling contact location of variable resistors R1 and R2 is tuned finely Drive current of the 
semiconductor laser LD1 and LD2 by the automatic power control circuit APC () That is, the direct-current bias 
currents Id1 and Id2 can be adjusted to a suitable value, and it becomes possible to optimize the luminescence 
reinforcement of the semiconductor laser LD1 and LD2 at the time of performing information writing or 
information reading optically to information record media, such as CD and DVD. 

[0157] Even if it changes each traveling contact location of the variable resistors R1 and R2 by which series 
connection is especially carried out to Photodiode PD, since the resistance of the variable resistors R1 and R2 
to Photodiode PD does not change, the bias current Id of Photodiode PD can be maintained at constant value. 
For this reason, the sensitivity of Photodiode PD can be kept constant and the luminescence reinforcement of 
semiconductor laser LD1 and LD2 can be finely tuned with a respectively individually and sufficient precision. 
[0158] And in case a switching device SW1 is made a flow, a switching device SW2 is made un-flowing, in case 
semiconductor laser LD1 performs information writing or information reading and semiconductor laser LD2 
performs information writing or information reading after tuning finely, a switching device SW1 is made un- 
flowing, and a switching device SW2 is made a flow. 

[0159] Thus, according to the automatic power control circuit APC of this operation gestalt, even if it is the 


light source OG equipped with one monitor diode PD to two semiconductor laser LD1 and LD2, based on the 
output of the monitor diode PD, the luminescence reinforcement of semiconductor laser LD1 and LD2 can be 
finely tuned with a respectively individually and sufficient precision! 

(Gestalt of the 10th operation) The 10th operation gestalt is explained with reference to drawing 1 1 . In addition, 
' n drawin g 1 1 , the same sign shows the same as that of drawin g 10 , or a corresponding portion. 
[0160] In drawing 1 1 , when difference with drawi n g 10 is described, in the automatic power control circuit APC 
of drawing jg , it is in the point established between supply voltage Vcc and the inversed input terminal of 
differential amplifier OP1 and OP2 in the automatic power control circuit APC of this operation gestalt to 
switching devices SW1 and SW2 being formed between differential amplifier OP1 and OP2 and power amplifier 
AMP1 and AMP2. Moreover, the voltage Vr1 produced in the traveling contact of a variable resistor R1 is 
supplied to the differential amplifier OP1 through the buffer amplifier BF 1, and the voltage Vr2 produced in the 
traveling contact of a variable resistor R2 is supplied to the differential amplifier OP2 through the buffer 
amplifier BF 2. 

[0161] In this configuration, in case the luminescence reinforcement of semiconductor laser LD1 is adjusted, it 
directs for Controller CNT, and with control signals D1 and D2, a switching device SW1 is switched to non- 
switch-on, and a switching device SW2 is switched to switch-on. 

[0162] In this way, if change control of the switching devices SW1 and SW2 is carried out, since drive current 
Id2 is not supplied, semiconductor laser LD2 will be in a putting-out-lights condition. The photocurrent Ipd 
according to the luminous intensity to which semiconductor laser LD1 emits light occurs to the monitor diode 
PD. Further to variable resistors R1 and R2 The voltage drops Vr1 and Vr2 according to each traveling contact 
location occur, voltage Vr1 is impressed to the inversed input terminal of the differential amplifier OP1, and 
voltage Vr2 is impressed to the non-inversed input terminal of the differential amplifier OP2. 
[0163] the difference outputted from the differential amplifier OP1 by tuning the traveling contact location of a 
variable resistor R1 finely, and changing voltage Vr1 in this condition — while changing voltage G1x (Vref1-Vr1) 
and tuning drive current Id1 finely by it, the luminescence reinforcement of semiconductor laser LD1 is finely 
tuned about desired reinforcement. Thereby, as mentioned above, voltage Vr1 returns to the original value again 
with a predetermined time constant. 

[0164] Next, in case the luminescence reinforcement of semiconductor laser LD2 is adjusted, it directs for 
Controller CNT, and with control signals D1 and D2, a switching device SW1 is switched to switch-on, and a 
switching device SW2 is switched to non-switch-on. 

[0165] In this way, if change control of the switching devices SW1 and SW2 is carried out, since drive current 
Id1 is not supplied, it will be in a putting-out-lights condition, and the photocurrent Ipd according to the 
luminous intensity to which semiconductor laser LD2 emits light will occur to the monitor diode PD, and the 
voltage drops Vr1 and Vr2 according to each traveling contact location will generate semiconductor laser LD1 in 
variable resistors R1 and R2 further. 

[0166] the difference outputted from the differential amplifier OP2 by tuning the traveling contact location of a 
variable resistor R2 finely, and changing voltage Vr2 in this condition — while changing voltage G2x (Vref2-Vr2) 
and tuning drive current Id2 finely by it, the luminescence reinforcement of semiconductor laser LD2 is finely 
tuned about desired reinforcement. Thereby, as mentioned above, voltage Vr2 returns to the original value again 
with a predetermined time constant. 

[0167] By thus, the thing for which change control of the switching devices SW1 and SW2 is carried out, and 
each traveling contact location of variable resistors R1 and R2 is tuned finely Drive current of the 
semiconductor laser LD1 and LD2 by the automatic power control circuit APC () That is, the direct-current bias 
currents Idl and Id2 can be adjusted to a suitable value, and it becomes possible to optimize the luminescence 
reinforcement of the semiconductor laser LD1 and LD2 at the time of performing information writing or 
information reading optically to information record media, such as CD and DVD. 

[0168] Even if it changes each traveling contact location of the variable resistors R1 and R2 by which series 
connection is especially carried out to Photodiode PD, since the resistance of the variable resistors R1 and R2 
to Photodiode PD does not change, the bias current Id of Photodiode PD can be maintained at constant value. 
For this reason, the sensitivity of Photodiode PD can be kept constant and the luminescence reinforcement of 
semiconductor laser LD1 and LD2 can be finely tuned with a respectively individually and sufficient precision. 
[0169] And in case a switching device SW1 is made un-ftowing, a switching device SW2 is made a flow, in case 
semiconductor laser LD1 performs information writing or information reading and semiconductor laser LD2 
performs information writing or information reading after tuning finely, a switching device SW1 is made a flow and 
a switching device SW2 is made un-flowing. 

[01 70] Thus, according to the automatic power control circuit APC of this operation gestalt, even if it is the 
light source OG equipped with one monitor diode PD to two semiconductor laser LD1 and LD2, based on the 
output of the monitor diode PD, the luminescence reinforcement of semiconductor laser LD1 and LD2 can be 
finely tuned with a respectively individually and sufficient precision. 

[0171] In addition, although the 1st [ which was explained above ] thru/or 10th operation gestalt explained the 
case where one monitor diode PD detected the luminescence reinforcement of two semiconductor laser LD1 
and LD2, this invention does not limit the number of semiconductor laser to two pieces, and also when 
controlling two or more semiconductor laser, it can apply it. 

[0172] Moreover, it is possible not only semiconductor laser but to control the luminescence reinforcement of 


light emitting diode. In short, this invention is applicable about a light emitting device at large. Thereby, not only - 
application of optical pick APPUHE but the application to a printer, a scanner, etc. is possible for this invention. 
[01 73] 

[Effect of the Invention] As explained above, according to this invention, the automatic power control circuit of 
this invention It is the automatic power control circuit which controls automatically the luminescence 
reinforcement of each above-mentioned light emitting device of the light source equipped with two or more light 
emitting devices and the photo detector which detects a part of light which each light emitting device injects. As 
compared with predetermined reference voltage, each voltage produced in two or more variable resistors by 
which series connection was carried out to the above-mentioned photo detector, and each above-mentioned 
variable resistor so that the difference of each above-mentioned voltage and reference voltage may become 
below constant value Have two or more differential amplifier which adjusts the drive current of each above- 
mentioned light emitting device, and the drive current of each above-mentioned light emitting device is finely 
tuned by tuning the resistance of each above-mentioned variable resistor finely. Since it considered as the 
configuration which maintains the luminescence reinforcement of each light emitting device at the resistance of 
each variable resistor which carried out [ above-mentioned ] fine tuning, or the value corresponding to a 
traveling contact location, if the resistance or traveling contact location of each variable resistor is tuned finely, 
the luminescence reinforcement of the light emitting device which is emitting light can be finely tuned with an 
individually and sufficient precision. That is, the automatic power control circuit where the number of photo 
detectors is able to adjust the luminescence reinforcement of each light emitting device with an individually and 
sufficient precision at least as compared with the number of light emitting devices can be offered. 
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1 tt*=i#jf4 3}— kp Dfc^LTafcyMciasiifcfs. m 

a "H" co^X-ft^-SCH^^-rst, T-T-n^-Y 
?^SWaH£|39»RflU Ttp^yf SWblli 
iiWit&oT, *TSSI8*t»R 2 ^-Y;*-—KP 
D lC*fr LXmtoC&ffitZ* 

[0 0 2 8] a>Fo- ^CNTfi, MtDHf-f-D 1 , D 

2, SOKCfcoT-hja;*^ j'ff^SWO, SW1, S 
W2*9mxfflm-Z>-*'< tu-fu-ty-f (MPU) ^ 
^iitV^o "T\ $MzM^S(M~ iot^ j/ 30 

s w o srsaftitgejfe a ffldic^rs matt* mm 

fs^Dl, D2\Z.£*)X-4 yfffSWl 3ra*iIJ.o;* 
-Ys/ ! 3^PSW2£r#»iiicU MyfSUfSWOS: 
§m^.^.bfttJ{c:^gg-r5^icfi N fflfflttDl, D2 
K:<fc 9 yfi^-SW l £#2$iIJ.o;*-f -y^ffc^-S 
W 2 SrSii if 3 «fc 5 lc9)J6iB»r5„ 

[00 29] ifKlltfTtMtPla] 
SSA P COibf^^fJiW-rSo if L D 1 (OJB3t 

X, ^-Ts'^^-SWOS^Ujfe^^afllKcgSKLT^r 40 
S^SiRl^lt^^^^^-— KPDldjCtLTM^iJ 

-Y S'fSfSW 2 SrlMKSttffifci-S. 

[0 0 3 0] r5Lt^YyfifSW0, SW1, S 
W 2 *mkk.UWti> t . u— if L D 1 a*#3frf 

5ft<E>3igla& Cfc3tS«S I pda*^— * ^-Y 3f— KP D 

p i ccsteA^«^{cpnADi-ao o* , mwmm&o 


#53 2001-244555 

6 

MiEGlX (Vrefl-Vrl) Sr^-T yfffSWl 

Sr:frL-t*#*INB*AMP lmflfel&U 3St. ttfc*Btt 
^AMP 1 #*ife£i"liEEG 1 X (Vrefl-Vrl) {Cit^JL 

tcmmmm i di^^^u- if ld i fc^rs r t 

[00 3 1] - WRflBT, T^BffiftSSR i roig&tit&is 
flJEVrl^M^-mEEG 1 X (Vrefl-Vrl) 
Sr*ft:**5ri:"e, ^SittSfcIdlSrmW^U ^tU- 

Pfi-TSc SfiML.fcj;5{-®dEVri(ig)f^ 

[00 3 2] ^^u-if LD 2 cDf§3t3iig£gl 

S-r-SBgf-fi, 7CNT{c*g*UT, X-Y y 

ft^-swo s^Mft^.^bfflgfcsasL-cBraagfiiasR 

2 tZtfr**— KPD^LT&?!MSM£iir 

[0 0 3 3] ~ 5 LT^-Y yff^-SWO, SW1, S 
W2»tiPt^)i: 1 — ifLD2^3tT 

ajtroaifttatxtoteflKB i P d^=^ ^-y t-KPD 

K38£U 3tSflfElpdfctt^Lfc®EVr2*s-5r^ 
SM^sR 2 {C|§^-r5 tt£Vr22*^UlltMIggO 

P 2tt«EVr2t#Bg«EEVref2i:S:Jt|W4i:#«^ 
i^^®IG2X (Vref2-Vr2) £r*-Y y^Sf^- SW2 
tr^L.T«^rtMi»AMP2^ttt&L, IK. S^J*g*I 
^AMP2^1EG2X (Vref2-Vr2) lOtML- 

tcmmmm i d2^^^ u~ tf l d 2 -5 r t 

-C, ij^ft: U— if L D 2 <73^>t t ¥4 t~KPD 

[oo34] r <7>vtmx\ -zf&mmR 2 <7>tmM£to 

ItU mi±Vr2SO t ^-«EG 2 X (Vref2-Vr2) 

mmrfZo r^icii?, fi&^LfcJ:5t^®EVr2(±3fS 

[0 0 3 5] rcoj;5{-, ^-fj-ff^SWO, SW 
1, SW2&$mzMfflU ^fflnffiRl, R2<DZ: 

APCiaS^ftl/- ifLD 1, LV2<D$mmM 

(i-*t>*>» I^7« idl, Id2£n85J>5MK 
lc|Ht5lt^#, CD-^DVD^roW^ieS^^ 

&<Dim#. U-if LD1, L D 2 C9^3t3t^^aS{trr 

[00 36] fSi, ij^^p— ifLDlK<to-C<W^## 

1 trSii, yf#fSW2 Sr^ajc-TS i#fc, 
^Y? S W 0 Z®mzJ&& a ffiJK^WS r t 
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T\ *S«rtt*««lWaKAPCfcJ:Si|6»«:u— fLD 
[00 3 7] JNlCfft'— JfLD2J=«torflMB» 

tT*, *i«rtt^rtH»l3KAPClc < t5i|sa|ft:i^-- if L 
[0038] ;<oi5 \z.*mmm<D § it^MfllBlR 

APCiditVfi, 2fflC0^«CW— ifLDl, LD21: 10 

V vC^NM* 1^-fLDl, L D 2 W^^tStS tr ^rJV&h. 
(*2 05*Mg^HI8) jjcjc, %2ro&ffigflg$r|g|3£r*j$ 

[ o o 3 9 ] m 3 iCTfrr^mmmm^ ^mm^mmmm 
APct@Kc*Lfci wimjjfflm&iffiA pet rc»+a a 

OP2^m*lfi|@S&AMP 1, AMP 2 COMtC^lt 5>iX 
TV^5©tS*L, **»£ffiroBIb^f0#PE3gAPC 

-m, nMSffi vcc t wmmm&o pi, o p 2 ©ge 

[0040] -f ^ftig^O P 1 ©SteA^iS 

fswi as»it 6*u ^«j«4SSSo p 2 <7>s:$£A7jaiST- 

SW2AStS;|-tP>ttTVS. 30 
[00 4 1]^ 4*— KPDirffiStrlO, 

[0042] *>a*a«ft*tr*t*« atbttttrntPiBiigA p 

C |C*5V ^f*:u— if L D 1 <D^3t3ta^PS-T-5 
SWO Sr^it»^a «K:S8RL-r«raBB*tl*R 1 fc'tt 

W2Sr^ii^{c-f-5o 
[0043] r^LWj'f^SWO, SW1, S 40 

w 2 &%)mz_mffl-fz h , »«*p§o p 2 costeA^ 

»?-<7>©tojS^fi?,«BE Vref 2 «t "9 ft < ft % it fr. Htb*! 
*Bl§0 P 2 i: ft 9 , ^agfe: I-— tj-' l D 2 lilE 

[0044] -X, mhmm&o p 1 ro^steA^s^ 

ro*fe(±#BS®ffi Vref 1 «t 9 {£ < ft 5 ^Sb^<t>@§§ 

o p i m&mtttt & ft 9 , iNift w- v l d i 

aio£ Cfc3tm»fc I pda^e- * y-r t-KPD ic:$§£ 

U Hi-, 3tWdIpd|c:Jt«Lfc«IEVrl*SBraEffi«t» 50 
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Rlt«4t«i:*J-, HIIVrl«5/<777T>'^BF 

SratTiaWMBSSO P 1 (DK^K^^zmm-^ 

>9 . ^iJj±t*l§sO P 1±®E Vrl i #flg«BEVref 1 £ 
&J±Srf<5£*ic:, M^mJEGlX (Vrefl-Vrl) £ 

y f*fSWl &^LT®7J*ii|gggAMP 1 
U Mi-, «*J*«*AMP 1 2S3KM«EG 1 X (Vre 

f 1 - vri) \'itm i.tz.mmmffi, i n i^—fld 
1 \z.m&r s r t x\ ^ u-fLDi <om% t^=- 

[0045] rcD^r% BraasssSR 1 roJ&ffittfrlR 

lit, *JEVrl.fta<fg$MIEEG 1 X (Vrefl-Vrl) 

Sr^t*-f5rfe, aaH«andi£i&SBgu ^r*u- 
3S«-f5 0 itU-iD, mra>ufc<t5{-®EVriii^ 
[0 0 4 6] &ic, *m&\s— fLD2(D3&X5m$:m 

swo srwi^x.^ b m&m LT^etnasR 

2fctt^-^^-f^— KPDK»UTat3?>ISStt$* 
[0 0 4 7] :pLt^7fi^-swo, SW1, s 

w 2 i:m^k.mm-r^ t . mhmw&o p 1 wRteATi 

ffi^rom^ s #flB®±Vrefli:»?«<ft-5yc*t>, ^tfj*S 
*&§IO P 1 t ft 9 , ij^ff L — if L D 1 Vim 

[0048] |g»l*@*SS§0 P 2 W^KfeATjSSTf- 

<D«fef;±#f0mffiVref2J;9te<ft3fc#\ Sidigitllg 
O P 2 iinmKffi t ft "J , ^ft V~if LD2 KJBKrft 
* I d2*S«l&*tfC*Jtt-*. ^LT, ^-TS^tCD^ 

MtC, 3t«9Klpdt-tt^!lLfc®EVr2^S-BI^1g;S ! [|g 
R2luI4tSt*C > SffVr2^y7r7y7BF 
Srii CT^»)iii|is§§0 P 2 coKteA7j4S^icfTlAn-r-5 0 

K) , M»±i*gg§0 P Vr2 i #BB,«EEVref2 1 
4rJttM--5i:*{c > i^gEG2x (Vref2-Vr2) 
^-f 7ftfSW2^ UrmT^etlggAMP 2 

mtumss^ amp 2 am^m&G 2 x (v re 

f 2 - Vr2) L.1tJmSM I d2«r*5|tfl: U-fLD 

[004 9] r©tif, ^Ig^giR 2«XSAffiitt 
ISSL, mflEVr2&t5^9-mEEG2X (Vref2-Vr2) 

«t oT^* u-if l d 2 <F>&wm.*jm<mmm< 

PSi-5o rfuicj;*?, ifra!Lf ; iJ;5i-iflffiVr2iiB(f^ 

[0 0 5 0] rcD£5ic, ^-fyfJJfSWO, SW 
1, SW2»i$jiIL, ^mm&Rl, R2C0-t 
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(■f*i?*>. l^Txtg) I dl, Id2§r®W«Ctt 

JOPBTT * c D^D v D^com«fe»^# 

ftro^tt V—fLDl, L D 2 ©3S*»£ Srftjgffcf 
Srir^-BIfgi^So *fc, 2m<D*mfoV~- fLD 
1 , LD2lctLTl fico-t-^ ^-C K P Dfclttf* 

»ai*(-S^V>T^ftU'— ifLD 1, LD2C03§ft3& 

[0051] Hussive, mi fc^+ffia^Srfiaa-ra 

*a«Mt*«l«i|sIKAPC"ett, K 
P D # WK«GE Vcc ^ ^ 5 v KSH 1 GND^t LT® ✓ < 

- Kte^>- KW-GND, ^rco^j y— KliHTSHSStS 
Rl, R2*^LTSISaffiVcc{c:gSK*ix-Cv>S 0 

[0052] it, ^mmR i , r 2 ttaeyiiasK^ 
[0053] m^mm^o p i (osteA^jiKFt 

tt, S3KSIEVcc<fc *) feWEWME 1 #tftt<ftv>#J18« 
BEVrefiasBttrlO*r^LTHaHl**U ttMtfMWO P 
2 (DR*SA*iB^fc:tt, WMiEEVcc <fc 9 /£®J±mSEE 
2 ^*rJtteV>#«a«BEVref23flS®tt r 20^ LTfTOD * 

[0054] frfr%ffij&<D&mmj3fflfflm&AP 

[0 0 5 5] :5LW> 7 fifSWl, SW2£r#! 

£ % i£3H* u — if L D 1 aq83frt-43ta>» 

U JEIC, praEffittSSRl, R2tcteu tix-Ptuoiagi: 
fttltWLT^S^fcitWSlcI 1, I 2^«c^ Q * 
fc. ^SS ! L§SRlirR2(Dp)SW± N 
PTF (I ixri = i 2XR2) iSJg4fS 0 
[00 56] Sfc, ^tg^R 1 <7>"5nft»^;Ktt-tK) 
Dfc$MM«E Vrl*^8£ U "T28S8TS&R 2 CD 

*o *L"C »W«EVrUljaHH«*|»0 P 1 (O^Rte 
A2rt8^teBMn*tU ^*'JSffiVr2{^SWjl«'t'&ggOP2 

[00 5 7] r. 5 LT;g»i«*l§§0 P 1 ClEVrl^Rl 
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AP^jftSi:, SOttiNISO P 1 tt, «EVrlt#fiS®E 
Vrefl^SrltRU i»U±GlX (Vrefl-Vrl) "Sr 

U Xfc. 1A»AMP1^1EG1X (Vre 
fl-Vrl) fCit^dLfc^ibm^IdlSr^^l— ifLD 

*^^KPDt«tS)t»a*Sfft>tLS 0 
[0 0 58] 3BKriNHftO P2t I5«H^«EE Vr2 

t#fi8«EEVref2i:S:Jtt55U M5>mEG2X (Vref2 
10 -Vr2) Sr^-T 7fii L SW2«^t5^\ *>f s/ 
^*^SW23&s#Nlii««i:*o'rv>ayhA, 

— if l d 2 f Aoticse i d2tmt£&ivrmxrvm t & 

[0059] r. co«fgT\ "raBfiKBR l ay^mmaiSL 

SgOP lfrbmt}&tl2>mftWJ£Gl X (Vrefl-Vr 
1) SrgffcS*. ^{-J:oT^l!imSEldlS:^iaSi- 

izmStetZo WiELfc<t5tflB3EVrHi 
20 ^^l^ftfcTSt^TEtDMJciMSo 

[006 0] ftfc, ^fru- if LD 2 0>B%ttAfcll 
«-fSBIMH. ^Vh ta-7CNT(^/TLt, fflfflim 

[0 06 1 ] l5LT^2/f^SWl, SW2Sr$] 
M»t^t, ¥3fft:w- if LD2as*ft^ajt0>Bl 
a^Cfc^gglpd^-^^^-— -KPDi^t 

u BReefitBRi, R2(cn, **ven^isgL 

ffitlt«?9LT^SE*<xfc>t«8Ei l, I 2&ffiinz 0 * 
30 /t, -sr^1gmi§R l i R 2(OW«Hfctt % *ic#Lv^liJ[E 
(I ixri = i 2XR2) *HB4fe-r5 0 

[0062] ^^stt^R i (o-Hrtw^teftt*^ 
• ^rsfc^t^-e^g^ c^c^jmEE vr2^^^ 

^«EVr2ttS6«Wi«»OP2 

[0 0 6 3] r 5 LT^etl^O P 2 i:iEVr2^9 
^JP^ft^i, ISBtfBSSSO P 2 fi, «EVr2t#fla«E 
40 Vref2k%ttML, i»SEG2X (Vref2-Vr2) §r 

jEt, m^*I§§AMP2^M#SJ±G2X (Vre 
f 2 - Vr2) titW LfcSabaSE I d2 Sr¥8M£ t — if L D 
2tft^t6rtt\ ifLD2C05§3ti^-^ 
9 #4*— KPDicictS^BIHl^fTfctbSo 
[0 0.6 4] ^»li*i^OP 1 t!^#(c:SJEVrl 

fc#HB«EEVrefl i*:Jt«U ^»mJiG 1 x (Vrefl 
-Vrl) Sr^^2/^*^SWl{W^a^ji-536S x x>T > 

50 -if ld i \±mw)mm i di3SHBs»**i-i" ^*r^ffit « 
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[0065] r <Dtmr\ ^smssR 2 <Dsjmm£te 

eSr^M«U ®±Vr2^k$^r bX\ M»jJ«*S 
mOP 2frh\tit>&foZ>mftWS.G2 X (Vref2-Vr 
2) £r^ft;£-£, -?-^cJ;oT^iljm»Sld2^iSS-r 
tmfcu— if LD2co^3t^^S»^ 
^^ISS-rSo r*l,(CJ:9, iia!L/c < t5^^EEVr2{i 

[0 0 6 6] rcoj;5{c, ^-yfifSWl, SW2 

&$mz.Mmu ^m.ffi&R i, R2ro^-^n.co^r io 
pcia^^i/- if ld i, LD2(omwimm (-t 

ffiS'WTXSijit) Idl, I d2Srjig^)/fe{itiCp 

s-r-s rim, cd^d v D^mmmmmm^n 

¥mfc u—f LDl, L D 2 c^ftSSS&ftigf trr-s r 

[0067] *i&mmR 1 , r 2 <o&-^im& 

fil&iSlitlirtT*, ^1-fLDl, LD 2 
tf>|g3t5£S£ WJ^JLofjtSS < WS-T ^> r t &X% 20 

-So 

[0 0 6 8] JErLT, mfS^fTofcSeiC, ^ftu- 
1f LD 1 (-ioTit^S^jA^-XiUfglBK^ 1 ? SrfT? 

2 Sr^jif- L, — ifLD2ic < £oTft3a«£ 

[0069] rc7)J:5 ('*H»^<73Slf)m^SiJ«iIaJS§ 
APCM<fctl.W:, 2m<D¥mfc\s— if LDl, LD 2 

jSOGT'feoTt., ^-^^-f KPDOtti^jf^^ 

V >T ^ft if L D 1 , L D 2 <7myt$s&**:tveti 

mm^-^m^ < mus-rs n t -a. 
[0070] mi, m2<nmMJtmx7FLtc.x4 
•y^m*swoti'^mktez<DX\ m&mm&'i^ <-r 

[0 0 7 1] 3(51, l«2Wiefeff^T-*Lfc^-r 

einasnraEffitftSR 1 , r2{c^iplt^=^^3}— 40 

K P D C 3 3t«»fc I pd£*if g S < flfctH-C * ftv 

^1:5:55, ^mmmmxi-i, ytmm 1 pdtrw^getgg 

Rl, R2CD^.roSJEf^TtLTMl±li-'5roT, 

I/— if LDl, LD2CO®StS»fEldl, Id2<Dpg£Jg 

l, m2<ommmmi:<o t>&ftmxn?zb&T'%z> 0 

[0 0 7 2] 0 5lc*5V>T, 04 irWffiit^^IfeB^-f 5 
i, 04fC^LfcgS)!)«7JWlH]S§APCT*ii, 50 
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^SH^SWl, SW2^^gjititig§goP 1, OP2tl 
;Wg>|iS£§AMP 1, AMP 2corfli-^(tibn.TI/^t7>{C 
2tL, ^Hffi^^itdm^flJ^SgAPCT-ii, WR 
WE Vcc t SUHMiaSO PI, O P 2 co^feA^S^fco 

[00 73] fa&ttHSO P 1 C0SteA^3ffi 

^SWlftSRIttrfU ^SWttfrggO P 2 WSfeA^ffif- 
iWKSEEVcccoMfC, Wfcvb&ft^X^ yf-M^ 

[0074] a»a»a«»£©BiMtafH»|5B5AP c»-*j 
wc, ^u-f ld i <7>&msm&ffig£tzmz 

tt, ayhB-?CNTt«*U IWItDl, D2 
t i-oT^^f 7f f f SW1 ^Iftl, ^yf« 

[0 0 7 5] ipLT^yfifSWl, SW2£r#J 
*i«Wt5 b . &Utf8MSgO P 2 (DSfeA^CiFW* 
itas*S«KA*ifiKF-«)«te MW8«BEVref20MH£) <fc 

9 « < tested mbwus&o p 2 * 9 , 

* u— if L D 2 fHHibmijfc I d2#«*& $ 

[00 76] — ^«*S*g^O P 1 W#S(6A2jflfrF 
<7>S&(i#fiS.Sffi Vref 1 i 9 S5 < t£Z> fc*t>. MSbiS*I§§ 
O P 1 liSbmftS t * 9 , HJE Vrl t#m®3EVref 1 b 
(n^ftWE (Vrefl-Vrl) fcttWLfc)B««att I dl^ 

if ld i <o&>mm\z.i££tiytmm i pd^= 
^y^r^— kpdjc^-t-5. 
[0077] ^<vvmx\ -^mm^s. 1 co-hihj^^ 
w^mm.^ mjzvri&mtmtz^ bx\ mmmt® 

SOPl^t,W*^5i^tEGlX (Vrefl-Vr 
1) «r8Wt3-fr, ^{-<toT13Wi>icIdllr|SPS-r 
■5 ¥m&.u— if L D 1 ro^fc3£g£ri5fStf>3£g[ 

t-mP^-TSo mic«fc9, HuSELfci 5«-®BEVrltt 

[0078] i«fc}C, N^Eft: I — " f LD 2 vmX&S.&m 

fDl, D 2t£otX-i'5,f-Sf SWl^ilttl, 

[00 79] :W;J; 9 , ^iSitr^iO P l co^teA^ 

mm £ , oi*<tj:zittb. mmmms&o p 1 K*7#m 

bt£<9. t<D^m. ^afft:u— if LD 1 ^W^MM I dl 

[0080] Mibitffil§0 P 2 W^SteA^7ffi^F 

(7)®&{i#SB®EVref2«t 9^< teZlttb, ^»!S*g§i 
O P 2 iifbffttfii ^ 9 , SJEVr2i:#fiS,mEVref2i 
(Vref2-Vr2) tdJt^ L/c,iE«J«gfc I d2tf* 

jg^u— if L D 2 CD^3t^f-^ CfcJtmSg I pdtfS^ 
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9 9*<< KPDtJ84t5. 

[00811 r <Dtmx\ smmv%R 2 n-^wmmtL 

«OP2*>5jW^;**1.4^M1IEG2X (Vref2-Vr 

2) ^r^-ft^-ar. zm-k^xmmmM 1 A2*mm-t 

[0 0 8 2] CCDotpM, X^yfifSWl, SW2 

PCteia^SlfrU— 1PLD1, LD2a>B*Mt8K <-r 
E^^T^SsIt) Idl, I d2SrJg§]^fiI{cp 

^WfLDl, LD2W«3iaMCS:*aHtf«r. 

ta^tetftSo 

[0083] Wil, TSEHSttSiR 1 , R 2 <D&SiWim& 
®M*mgimirZ~tX\ ^*wfLDl, LD2 

[0084] mm*n^tz.m^ 

W2&M5Il£U i^tfrl — fLD2iaoT)S«t# 

1 Sr^ii, >W y^T- SW 2 Sr^iitcf-S, 
[0 0 8 5] icoj; 5{-^Sfi^£Oetd«^f6!W[Hl9S 
APClcJitUf, 2m<D¥mfo.U— fLDl, LD2t 
*f LT 1 fBOHr- * *V K P Dtzmsffi 7L hivfc.%. 
KOGT&ott, 9 KPDCOttJ*{-S^ 
V>T^^U— fLD 1 , LD 2 fr^ti 

MUTlftWfio #K B6»c:fcvvrH4&|SI— XM^IS 

[008 6] me }C*51, ^, 0 4 £ CO^iS.^^IftP^-f 2> 
fc, ^k-fLDl, LD 2 CO* y-hW7VK 

[0 0 8 7] JEt-, ^-^^-T^-— KPDCDT/ — K 

tt, afe^jaass^fc^raeffisssR 1 , r 2 lt^7 

[0088] *fc, ^mmR 1 ©BTfttt^a^t r 
10«r;fr LT»lU«MB»0 P 1 <D^MKf}^\z.tm.^ 
ICW ^afiSCSR 2 ©TTftfg&Aasjfifi r 20&2> LTMif) 
mmO¥2<DmBCKfi^\dfeWL&tvX^Z> a ffi, Jg 
r lOfDSfetfitii^r^S^R 1 OffiStfltfcit'<-C+^ 
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^r20O<g^;{it(iBr^S ! L§§R2ro®fc ! ifiSic 
tfc^T+^^V^i^S^LV^o o£9, rlO>R 
1, r20»R2(73B8^t^Sf Srt^a4LV\ 
[0 0 8 9]Jfc, mWlMW&O P 1 W^S$iA^4S^ 

ti, mhmW&O P 2 co^SfeA73^fc|±. ©HER 
E 2-e^CS#fig®EVref2^ffl*n$4xTV>S 0 
[0 0 9 0] ^-5«figcog«j«7J$iJ#HlSSAPC(c*5 

v>r, ^^1/-- tFL d 1 (o&ytMm&vmr&mK. 

10 3>-hn— 9CNT(CJi^U fWWa^Dl, D2 

t ioT^^f yfJlff SW1 trilKli, X* 

sw2&#mm?!teiz.$mz_z a 

[00 9 1 ] rpLT^yfii^SWl, SW2?r§) 

ffiO&C1t%ffi& I pd*s^— ^ 9'4*— KPDfc:Jg£. 
L, Sic, -sraiS^R 1 , R 2 fcii, -tixmcoflSjt 
ffi^tt^b-C^Sg^tVfc^tmi 1, I 2»5„ * 
fc> "BT^em^R 1 i R 2 (DpSf4£{Cfi, *lu*LV>«IE 
I^T (I 1XR1 = I 2XR2) &3££.-tZ> 0 

20 1 0 0 9 2 ] simmMR 1 ro-Bi«im^jcji^(o 

*r$W£6tc fi-£ Lfc#W®£ Vr2^ ^^"f 

l§OP 1 <DKteA^4Sm-FWjn£*K ^imvr2(ite 
trC r 20£t> LT^IblS^O P 2 nEM&ktliSfr fcflttn 

[009 3] r 5 LT^Sij*itiSlO P 1 icmffiVrl^ 
AP^n^i:, ^iilSSgO P 1 Ji, «EVrlt#Ra«E 
Vreflir^rhbt^L, WAWZG 1 X (Vrefl-Vrl) ^ 
30 yfgfSW 1 ?r?> LTS77litB^AMP 1 {Z&m 

L, W^. «rtJ#B»AMPl#!6#*l£GlX (Vre 
fl-Vrl) tcit0iJLfc^®i®gftIdlSr^ft:u— !fLD 

1 k~mSrrZ>~ tX\ !&g#iu~ iJ-'LDlW^3ti:^- 

[00 94] -7?, MtdlttlSO P 2 fc|g«t«EVr2 
t#BSmjEVref2ttrtt|5L, i^tEG2X (Vref2 
-Vr2) Sr^5'^^-SW2.#]--fcU7a-r-5^, 3/ 
^*^-SW2^^Ji^t^ oT1 ,> S f c ^ 

-fLD2 I d2*s«»$ixTtB*mil6 1 * 

40 S„ 

[00 9 5] r W^T% ^ISnggR 1 o^ibttAffi 
S^^tlSSL, *EEVrl&asfb<**ar. tT\ ^bttMB 
SOP lA>«ba^^tbS^SJEGl X (Vrefl-Vr 
1) ^ft^t *^*oT«iMtt«IdlS^8WSfr 
5t*t, 1^-fLDl »5l7t3SS&FfMw^ 

(cJSHS-rSo rtbtCiD, SuKELfcot 5fCttffiVrl(i 

[00 96] i^ic, ^i*W-fLD2 ro^Tt^S^rP 
^-T-5^(i, 3>ho-7CNTIC^LT, SH#fS 
50 tDl, D2iaotX^f5;f^SWl^i|It 
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[0 0 9 7] rpLT^^yfifSWl, SW2&m 
U JEfc* ^Jgfetg&R l , R 2 fctt, *:in^ti<Dffi&L 

mzttmLxftm&fot-ftm&ii i, i 2^«&Ma 0 * 

fc, ■5r«lSJ5 ! L^Rli:R2^p]S^{i. #fc:*£U^«EE 
»T (I 1XR1 = I 2XR2) 
[00 9 8] *fc, W^fflftg&R 1 cOpTtftfe^J-^co 

fiduoe cfcSMwiffivriiWst u ^nKSttSR 2 co 

[0 0 9 9] 15 LT^»I*t*lS&0 P 2 Vr2^PP 
Jn^tlSt, mWMWx&O P 2 Ji. «BE.Vr2i#flg«E 
Vref2i:«:J£ifcU i»mG2X (Vref2-Vr2) & 

* ^SW2 S^h LT S^ig^AM P 2 
U ®^*S§ffAMP 2^g^tEG 2 X (Vre 

f2- Vr2) Idtfcfll LfclE«i«ac I d2 U— if L D 

* ^ K P D \Z. i 5 ftttajWTfeftSo 
[0100] fglbiglB&O P 1 feRHIHc«EVrl 

t^mmEVreflt^itm^ l^StGlX (Vrefl 
-Vrl) y^m^FSWlM^ &£)-rZ>fiK ^ y 

— If LD 1 iHHSJjflSfc I dl}&HH»S*Li*?Bfi-!bMBfc ft 

-So 

[oioi] nrotttli-T?, TOgmsSR 2 <D*ftm&®. 

SOP 2i^hmt!^tli>W^WS.G2 X (Vref2-Vr 
2) ^^-fb^-tir, *h^±oT(B»«*Id2«tfKHtt*- 

tilHWi. miai Hffii L/c<t 5 i.C®EVr2(i 

[0 10 2] M^WSWI, SW2 

^i&xffcOTU "sr^Jgfet^Rl, R 2 ro^n^ettw-BT 

PCICiS^l^-fLDl, LD2<7>12iljS;»S (i- 
B^MT^li) I dl, I d2&&Wtffc\zM 

i^ft: u— ff L D 1 , L D 2 co£3iaS£&*aHbf * £ 

[0103] ttt, ^raeesiSiR 1 , r 2 nraEftjfe 

tee^^WK-t-Sri-C, ¥3W£V— fLDl, LD 2 

So 

[0 10 4] tLT. «WKS^Tofc|ft^, ^fru- 
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B&licfi, ^s^^FSWl&lgii, MyfSlfSW 
2*rlMiafcU ^wfLD2iaotlS#f| 

lSrlNBi, ^-Y->^^SW2Sr^ii}c-rs o 
[0105] r. CD J; 5 tc*Hife^|S|cDii(itt^ft!|«ilHl^ 
APCMiifttf, 2<@C5i|^^l — ■ tPLDl, LD2(c 
*f LT 1 m<D*r~ fif^f K P DtzWmZ. 
lOGTfeott, ^e— ^-Y*— KPDcoa^j{cS<3 
V vC¥3Mt: u— If LD1, L D 2 ®JB3Hft*«r**U«H 

m 6 <7>mmmm) m-. m6 <vmmzm.*m 7 &#flg 

-T IRMWP* LTV > S 0 

[0106] II 7 {C*5V ^T, 12 6 i COffiil^SrxB-iS 
06i-^LfciKim^®I^P[l]S§APCT*i±, *-fs/ 
fifSWl, SW2ri^tWfi|@ggOP 1, OP2il 
MffiAMPl, AMP 2co^(c^itP>tbTv->-5ro{c: 

*tL, *mmm<o&fmt>MffliBi&APc-v\-z. y mm 

mj± Vcc i i^Kji§i|>I3gO Pl, O P 2 (D&MZXfimi-co 
[0107] i-ftto*,, ^HtiMBSo p 1 costeA^ss 
fswi tfswt ^S(j*i*ag§o p 2 cosisa^s^- 

SW2^(t^tVTV^S„ 

[0108] -sr^igstgiR 1 ©^ruiaL^^^cs 

lEVrl?r^5'77Ty/BF 1 Sr^ LTMSdJilglgO 
P 1 L, -HrSS^R 2 ro-Brftgfjfil^CSflBE 

30 fdtt#frt-5«t5»-*oT^S. 

[0 10 9] a>2>5flSj£(;i*>^-C\ ^W-fLDl 

^=L, fflffliB^Dl, D2(c e fcoT^l' iy^*^-SWl 

■So 

[0110] rjLT^^f^SWl, SW2£r#J 
lft^.fW»t-S t , L — If L D 1 *> s*3tf « 

L> 3flc, W^lgStgSR 1 , «VJPft«>Htt 
40 flS(3tfc#tJLT^^tbfc3tSSSl 1, I 2^*}XS. * 
fc, ^REteSaBR 1 i R 2 roiSISSi(Cf±, LV^ttll 
K^T (I 1 xr l = I 2 XR2) riS38£-r3 0 

ffiBlO*: Lfc^fJSffi Vrl&%± U -s&&Bffl&R 2 CO 

So -tLT, 5>#JmEVrl(iffi*trlO$:^LTMtf)li*a 
gOP lCOSteA^iffi^^JP^tt, ^*J®EVr2t±S 
fit r 2Q&ft LXm^mmUsO P 2 CDS$SA*ffi^i-TOD 

50 [0112] 15 LT^(jlij>I§iO P 1 tcflffVrlriSpp 
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mztizk, mmmw&op i« % «Evrit#HB«E 

Vreflt&itlfcU M^SEG 1 x (Vrefl-Vrl) & 
«#*«»AMP1 Inflate U 1^1«*SSAMP 
l^lEGlX (Vrefl-Vrl) tit#l LrtJBlMt 
jtldl&^flcu-lPLDlfcflfetti-Siir-e, iNHflt 
l^-fLDl©»ti*=j'^^-KPDKJ:43l6* 

[0113] mmmm&o p 2 i±, 

?0ttlKftS*JIMIEEVraf 2 £ 0*< JfcafcaM-^ttfc 

ft*, ^U-fLD 2 liiaftm»fE I d2ri^ 10 

[oii4] r ottjfi-e, urgKgtftSR l <d°1Ws&£M 

»OPl*»btH**ixa^»«IGlX (Vrefl-Vr 
1) &£fl;**, ^*U-ioT«ft«aEldlSrlWPBfrt- 

(-^PM-rSo miciij, itfML7t£5{.l«I±VrH2 

[0 115] St, ¥m#u— ifLD2£05l3t^SS:P 
S-f-S^tCtt, 3Vh D -7CNTi:^LT, f&J«fg 20 
^•Dl, D2tJ;ot^;/f^SWl^im 

s/^* i Psw2^!»a^ic§]ifexSo 

[0116] rHT^yfil^SWl, SW2^« 
i , — ■ ifLD 2 a«R3fe-r«3teK>Sl 

U jSK, ^Jg*fcSR 1 , R 2 {C{i s ^-^n<7)g*x 

imzttm^xttmzfttiytmMi i, i 2^^b§ o ^ 

fc, ^IfitriSR 1 i R 2 rc>j^4SS(cii, *(c^L<^®± 
P^T (I 1xri = i 2XR2) 
[0 117] nnJHg#E»R l wnntttt^lctt^rro 30 

«H»a& ztcftwimm vrwm± u «r^igtaSR 2 a> 

5. ^LT, ^««EVrltt^Kl*ttKB«OP 
mR-\z£!mZ*l. ##l®EVr2fi^§biti|rISO P 2 <D 

[0118] r5 LTMIWiSO P 2 t«£E VrtiSR] 

^iij*s*i^op2(±, m±vr2t^mmj± 

Vref2fc«:JtJttU i5>SEG2X (Vref2-Vr2) £ 

m^m^AMP 2\m^u itc m*/*titsSAMP 

2>S^#®EG2X (Vref2-Vr2) fcJt« LfcJBtMt 40 
ft I d2£¥jSft U—f L D 2 teffttef 3 £ fc T\ *mfc 
U~? L D 2 (D«3t t ?<i 3r — KPD{C<fc£>3feJ& 

[0119] imMgggo P 1 fcfc, ^ifgA^ST- 
»®aas#fl9mffiVref 1 «t 9 «< *«fcif>^-7*WI8t * 
9 , ft*, ^flt U-f L D 1 ttJEBbttSK I dl#{fcf6 $ 

[oi2o] - <D&mx\ TO&msR 2 ommAtiL 

SOP 2^fctl;>j£iX-5^»-fll£G2 X (Vref2-Vr 50 
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5 t#t^ smttis—r l d 2 com±mt^mm(D^m 

tftlltS. BfriBLfc,fc5fc«EEVr2W: 
[0 12 1] rwj;?^ ^ yfjfffSWl, SW2 

tr«9fex.ft!i«iu *f$msmR 1, R2 0^m©»r 

PCtCiS^^U— ifLDl, LD2(0,^f|j*ft (-T 
&fc>*K Ifr^TKfS) Idl, I d2^ii§J^{^W? 

s-r-s r i: ^t*# . cd^dv nm<D\gmmmmzzt 

^v-fLDi, LD2w^3t3SS^«b@{t:-rsr 

[0122] ^l&xDSR 1 , R 2 <D&«IWmfo 

®m&mmrz>^bx\ ^u-fLDi, ld2 
[oi2 3] -t lt, mm^n^t-m^ *mm — 

fLDitio T i&*XI±*«»6*Bi 9 Srf? 5 

W2*iltU f^#:WfLD2iaot^#f# 

[0124] - ro<fc 5 lZ^d&^<Ogg(|«27ffittl|I]& 
APCf£<fc*tf£, 2fi»i|^ft:w— if LD 1, LD2t 
M LT 1 ^— K P Dfdit^Hx. fetb7t3t 
ilOGT'feoTt, ^^^^-KPDOHiAtl^ 
I,vr¥#ft:u— - fLDl, LD2«>383flai«3r-€r4T^en 

[0125] 08 (C^oV>T, i6i ©taS^SrJfi^S 

Dwry-Kjc, a^ssR^ixfc-Bne^tgR 1 , R2 
mas a p c -t-f±, ^- ^ fpd<dts— 

^tg*t§ffR 1 ^LX^^KS^GND^^^ 
^•n^^V KPD©* y- Fi^&ffln&R 2 ^r^- 

[0 12 6] *fc, ^en^^3(— KPD©7/-Ki 
^T^lfimSgR 1 t (D&jfiL&tmtt r 10£tf- LT^Sblt*! 
SO P 1 wSteA^ffi^-fcSa^tt, ^e^^^-C K 
p d <Dii y - k k ^T^SfetSR 2 1 co^^as^«*i<@ 
SO P 2 w#SteA^4S J F•ic:feM^4^r^^S 0 

[0 12 7]4fc, M«W«*sSO P 1 wMteA^fiSFP 

ifiUSO P 2 <£>KteA*4Smcf±, WSBtHiEVcc «t 9 3t 
WE9KE 2^»tfl£V>^fla«EEVrefiaJR]*P*iXTt> 
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[0128] A>fr&mi$.<r>&w5mj3fflffl®a&APc\£& 

ii, nyhn- ^CNTi-Jt^L, mm^Ul, D2 
SW2 

[0129] rpLWs'fSfSWl, SW2t:§) 
&£Wffll-f £ £ , ¥3§# I— if L D 2 iilZiftfeSE I d2riS 

£ tuftv ^ #>tN*ra*g £ * o , V-lf L D 1 

a^fti-SftcDSLStoS CfcftSSift Ipd;a^lr^;?^1';5f- 
-KPDK:3g^EL, ^MEt^RI, R2iC{±, 
m^^StMi'/^CfcSB^TVrl, Vr22^g£ 
L, mVrl(±^Kjlii|6fgO P 1 (DSfeA^jiS-f-l-PPAD 
^tt, miEVr2i±^DjietItsO P 2 (7)^*5 A^iSm- 

[0130] r <d^mx\ ^mmR i (Dmmfe&w 

PSL, «JEVrl£^(fc£-ti:3r£T\ M®)l«i|eggO P 
l)5>e>tti^^nSM^SEGl X (Vrefl-Vrl) £^ 

it&it, twaotiiiii i di&mmm-tz £# 

fd, ^agftl — -if LD 1 WlgJfc&S&j^Sro&fSfClSfl 

[0 13 1] ^(-, ipmfcu— if LD2(0^3t^S^rp 
S-TS^Ii, 3yhn-7CNTi^LT, Wf 
tDl, D2tioTX^7fi^sWl^Itt 

i& ^-T5'^^-sw2^ii^^9m^So 

[0132] :?LWyf^SWl, SW2£r£l 

£ . i^-t'LD i \-immmm, i dias 

2 tf^gft-T 53t «05fe^(^ Cf-ft^afE I pd3^= * ?4 
^--KPDi^^U Mi-. ^ISinSgRl, R2fc 
(±. -^tb^COlg^Cffi^^Cfcmffil^TVrl, Vr2)5^ 

[0 13 3] Z(Dt£MX\ ^&m3$;R2(nmffhm%:$k 
HU ®HVr2£r^fts£-fr<5~ £T\ ^UjitiH§§0 P 
2frhliit>£tlZm*mjEG2X (Vref2-Vr2) £^ 

-fb^-ar, tw; k-oxmmw&i i d2?r ! »ps-rs £* 

ic, u— ■ if l D 2 <o^3t3SSSrBffS(D!Sff (c^p ' 

Si-5o rti^J;^ HiiaiLfcJ;5fc«EEVr2{±^co 

[0 13 4] rcoJ;5tc N ^-f^fifSWl, SW2 
W&xfMWU ^^gfetlSR 1 , R2(75^m<7>te 
*tft ^mPS-T ^> r £ T\ g »>*73fti!|#PlEl3g A P CfcJ; 
6^f£U-ifLDl, LD2(DlHS)]m»f£ (-T^*,, 
ISft^'l'T^Safc) Idl, I d2&a§j7iffi}cpS-r-5 ^ 

-ifLDl, LD2C0^3t3S«Srftii'ftll--5r£^prtg 
£&<5o 

[0135] -BT^g^R 1 , R 2 <D&fflji{$.& 

|-T5r£T'. if^f*L — IfLDl, LD2GD3§}fc 
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[0 136] LT, «lfflS^ffofc^(C, #affrU- 
if L D 1 f c£ o Tiff iZ^Xtiiftf&BE^ft 9 5 
mux ^fifSWl Sr^ii, ^'fyfifSW 
2£#2»ii(cu ^fru— if LD2fc£o-rfW^## 

[0137] r. co J; o \c*mMMMr>&mmj3®m®ffi 

APCi'i^tf. 2m<r>^mi$iU— if LD 1, LD2t 
10 *fLTH@69^^-f;*— KPD7t'lt^ffi^^^c3t 

V I — if LD1, L D 2 COlgft^^tl^n. 

m 8 w^ffi^) $s 8 <r>-$mim&m 9 L-tia 

[0138] m9 {-*3V vC, 0 8 £ cofBi!,S3n£-<-5 
£, 08(c*L,fcii)!)m^miWlH]S§APCT-(i, •> 
fi^FSWl, SW2^M«jii*slgOP 1, OP2£fI 
20 ^)lii|©i§AMP 1, AMP 2<Dmzmi-fhiVXl^<D\C 

nu *mMMM<7>smmjjfflffl\Ei&APcxi-i, %m 
wj± vcc £ ^S)*iitst§o pi, o p 2 wsteA^ffi^ <7? 

^D^miEVrl^<->7rr>'7 P BF 1 ^LT^®b*i 
*i^O P 1 imm L, -5rS«;*vi§R 2 {^^D5SffiVr2 
*;<*y77T>>yB F 2 ^LT^S(Ui*I^OP 2 

[0 13 9] ^StSi«(Cio^T, ^SftWfLDl 

30 ^ L, MHtff-5§-D 1 , D2iaot^ 5 ;f-ii : -SWl 

■So 

[0140] rjLT^j-fS^SWl, SW2£i£l 

i&xMffli-f s £ , ^mw- 1 — if l d 2 i d2^s 

tt?^$^<e^/c«6W^ffi£7fe'9, if LD 1 

3tro3SSic)S C^i3t®»i£ I pda^e^* 
-KPDtd^L, Mfc, ■BI^ffiitggRl, R2(dii, 
^rnmcolSttM^^CfcaEE^TVrl, Vr2^5^^t" 

-So 

40 [0141] rw^T% -Hr^ig^R i <nmam.*:'& 

PSU «JEVrl§r^b$ii:5r£-C\ ^KUtiHSOP 
l^ty^nS^SaEGl X (Vrefl-Vrl) S:^ 
fk^ii:, ^fcJ;oTlHSb«fli£ldlS:^pSi-'5£* 
(C, ^fru— ifLDl £7>^3t3^§rBffa<7)^i^0p 
S-f-So :tU:il Bui6L/cJ:5(-mffiVrl{±3f^<75 

[0142] ^*u-if L D 2 co^^SSrP 

tDl, D2(cioT^-f ^^^SWl^ii^ 
50 ^-T5'^*- : F-SW2§r#^ii^ic^x-5 0 
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[0 14 3] rHTX^^f-i^SWl, SW2£r#) 
»%M9tt& h , if L D l MJeSbfiM I dia* 

ftftV ^fc *t-«*TK« t ft 9 s l D 

tt, ^MiWfiStttlSCfctli^TVrl, Vr2j8**g 
[0144] r <Dtt1&X\ TOfflft^R 2 roSKffiS:* 
2frhttit)&th?>mftmj£G2x. (Vref2-Vr2) ^ 

ij^t^ u— if l d 2 cDftmum &mm<Dmm\z.mm 

[0145] rcoj;5{'. ^yfSfSWl, SW2 

&%mx.nm^ *&&&£mRi, R2<D^h,^ih(Dm. 

£^#1 — f'LDl, LD2<75ffitbm«!t ("Tft:b*>. 

tl^Mr^si idi, i d2£®i2Jft{ttpg-r-g, r 

— if L D 1 , LD2W553t3»aSr«ar'ftrrsri:as-Brl6 
ift6 0 

[0146] -BT^ffi^R 1 , R 2 rofcteSMSS: 

SSciaS-r-Sr ^ffcL — ifLDl, LD2CD3§ft 

[0 14 7] <£• Lt, aSfWSrfTofc&fc, iNW^w— 
fLDlWo ii^X tttiH8SfcW& "9 Srff 5 

W2^agii5CL, ^U-fLD21C < fccT)f«f# 

[0148] r co <t 5 K^mmmmco &wmt>ffl®m& 

APCICitutf, 2^^^^— ifLDl, LD2IC 
*f"LT l *V a— KPD«ltaHl3Lfe*tfc* 

KOGT&ott, t=?^t-KPD oom^J(-S-^ 
V >T^I* u— if L D 1 , L D 2 (DfgftSHK 

9 wji»f£ti) *s 9 numm&m 1 o £#j>b. lt 
taw-rso ^ 01 o{cj3v>T®8 tin— xiiffi^-rs 

[0149] 01 0{CfcVvt\ 0 8 tWffi^SriB^S 
EsroifbS^fffl^isgg-m, KP 
Dte3*L-r*T3HSWS3Rl, R 2^tt?ijg^^tt, 
* ^-Y K P D<7?T y - K t * y — h*\C^tb?fi± c 
5®£ Vrl, Vr2tf^Bi*i*IS§0 PI, O P 2 

wm> iiMB*«wiEiBSA p c-eii -sr^s^R 1 , 

R 2CD#pmd^(c:^CS®EVrl, Vr24*|3BlJ&K& 
OP1, OP2(7?SteA^ffiT-lc^^^-5J:5i-*o 
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[0150] *»a»a«^rog«i«^fWWlE]KAP Ctefe 
vvr, #3gr#U~- if LD 1 K>«3iaS«Srifflfr4BSa- 
i± N nyhc-7CNTIC^U WfffDl, D2 

sw2 *#mmym^&z-%° 

[0151] IpLT^yfffSWl, SW2^ 
Ift^ftfifrf 5 £ , l— if L D 2 (±Istij*0S I d2ri* 

{fef££nftv\fc*^m^i ft 9 s if L D l 

-KPD{C»£U -BI^fi^Rl, R2W1, 

^•^tWO oTSJ^^S^^ CfcSEI^TVrl, Vr2^ 
«dfeU WEVrlttlSBUIWBSOP 1 roKteArtiB?-^ 
PP*n£tu ttEVr2tt3£gbJt«B8gO P 2 ©#R*sX*;iS 

[0152] -<D&mx\ -zf&mv&R i wm&Am 

iS:»U SiHVrlSr^-fk^-frS r tX\ 2£tftMB 
SlOP l^e>a^3^tl-5^-SBEGl X (Vrefl-Vr 
1) &3Efls£-8% ^{dioT^WjmidlSrrniSS-r 
20 St*K, ^fltw- ifLDlO«3(afi«Sr0fa<OMflE 

jftfeconfem^xmiTttmz-mZo 

[0153] Jfclt, *^i^-if LD 2 rolg^a^rP 

■f-Dl, D2tCioT^-l'->'^T-SWlSr^iS^c 
KB, *W yf*7-SW 2 ?r»ltli;»x.5 0 

[0 15 4] r?LT^-7f^SWl, SW2^r§] 
^^Wi-St, iNtflei— 1fLDU±raWliilEIdias 
tt^^^ftv^fc^lc^^liii: ft 9 , *^u-if LD 

30 2 asfg?t-r sjtwssff {c/s ztcytmm, i pd«s^- ^ ^-r 

KPDicMU It. ^ISttSSR 1 , R2l: 

[0155] z<D&i£x\ ^mm^R 2v>*mm&& 

SiOP2A^W^^-5^SEG2X (Vref2-Vr 
• 2) ^t^-tir, ^K«fcoTJB»WffiId2S:«»ISft- 

5 1 u~if l d 2 co^^s.^mm<o^m 

[0 15 6] rCOipfC, ^yf^fSWl, SW2 

Sr«aftifiiw? -sr^isttggR i , r 2 (o-tivenro^r 
sijfe^ssr^ps-rs ztx\ nmm.f3WSm^A p 

Cicj:S*Sf*:i — if LD1, LD2coistfjm»S ("Tft 
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